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Rapid absorption and distribution following oral administration 
of Terramycin assures therapeutic serum and tissue levels quickly 
achieved to halt invasive or spreading infection. Continuous 
effective levels can be maintained through the administration 

of 0.5 Gm. q. 6 h. as shown in the accompanying chart.’ 


Terramycin, employed either alone or as an adjunct to surgical 
procedures, has proved highly satisfactory in the treatment of a wide 
range of surgical septic conditions such as cellulitis, cellulitis with 
abscess, infected laceration, human bite infection, furunculosis, 
carbuncles, abscess, cervical actinomycosis, gas gangrene, 
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Meat ...and the Role of Protein in 
Resistance to Infectious Disease 


According to accumulated evidence, an adequate intake of high biologic-quality protein 
is needed for the generation! and active phagocytic functioning of leukocytes?“ and lym- 
phocytes as well as for the fabrication of effective amounts of antibody globulin.* Both 
the natural and the acquired capacities of the body to counteract the pathologic stimuli 
of infectious disease, in considerable measure, hinge on adequate protein nutrition.° 


Substantiating the foregoing clinical conviction, recent studies have demonstrated 
that protein-depleted animals subjected to pathologic stimuli display a greatly lowered 
capacity for manufacturing specific antibodies.* Conversely, repletion of their protein 
stores with high-quality protein quickly restores a normal capacity for antibody pro- 
duction. Furthermore, protein-depleted animals are both more susceptible to induced 
infection and less responsive to immunization than those well nourished. 


Findings such as these and the fact that human antibody globulin is a highly 
complex protein containing all the essential amino acids justify the following authori- 


tative deductions®: 


a. Lacking an adequate supply of essential amino acids, the body manufactures 
antibody globulin with difficulty, and 


b. Because of depleted protein reserves and inadequate intake of essential amino 
acids, persons long and seriously undernourished manifest increased susceptibility to 
infection due to inability to fabricate new supplies of antibody globulin. 


Because of its rich content of high biologic-quality protein providing all the essen- 
tial amino acids, meat can play a prominent role in maintaining the body's resistance 
to infection both in health and disease. Meat can be eaten in adequate quantity daily 
to assure a significant intake of biologically complete protein. 


1. Cannon, P. R.: The Importance of Proteins in Resistance to Infection, J. A. M. A. 128:360 
2) 1945. | 

Strumia, M. M., and Boerner, F.: Phagocytic say of Circulating Cells in the Various 
ty pes of Leukemia, Am. J. Path. 13:335 (May) 1937 
3. Mills, C. A., and Cottingham, E Poasnerde ate as Affected by Protein Intake in Heat 
and Cold, j. Immunol. 47:303 (Dec.) 19 
4. Elman, R., and Cannon, P. R.: Protein ED in Jolliffe, N.; Tisdall, F. r. and Cannon 
P. R.: Clinical Nutrition, New York, Paul B. Hoeber, Inc., 1950, chap. 7 .p. 19 
5. McLester, J. S.: Nutrition and Diet in Health and Disease, ed. 5, Philadelphi i ders 
Company, 1949, p. 34 
6. Cannon, P. R.: Recent Advances in Nutrition with pee Reference to Protein Metab- 
olism, Lawrence, Kansas, Univ. of Kansas Press, 1950, p. 


The Seal of Acceptance denotes that the nutri- 
tional statements made in this advertisement 
are acceptable to the Council on Foods and 
Nutrition of the American Medical Association 


American Meat Institute 
Main Office, Chicago... Members Throughout the United States 


—— 
7 


THE AMERICAN REVIEW OF TUBERCULOSIS 


READY-T0-INJECT 


SOLUTION of Crystalline 
Dihydrostreptomycin 
Sulfate Merck 


All-round convenience. . . time-saving economy... no 
refrigeration required . . . clear, colorless solution 
.-. high crystalline purity. Availability in ‘‘ready-to- 
use” form enhances the important advantages of this 
preferred antituberculosis agent still further. 


AVAILABLE IN: 
1 Gram (2 ce.) vials—500 mg. per cc. 
5 Gram (10 cc.) vials—500 mg. per ce. 


PARA-AMINOSALICYLIC ACID (PAS) or its sodium 
salt, when used in combination with Solution of 
Crystalline Dihydrostreptomycin Sulfate Merck, 
prolongs the effective period of chemotherapy by 
inhibiting or delaying the development of bacterial 
resistance; has proved effective also as the sole chemo- 
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ARTIFICIAL PNEUMOTHORAX: A STATISTICAL ANALYSIS OF 557 
CASES INITIATED IN 1930-1939 AND FOLLOWED IN 1949':? 


IV. Incidence, Associated with Complicating 
‘uberculous Empyema 


ROGER 8. MITCHELL 
(Received for publication March 30, 1951) 


INTRODUCTION 


The present report is supplementary to three previous studies of the factors 
influencing early and late over-all clinical results in 557 consecutive cases of 
pneumothorax induced in the ten-year period, 1930-1939, at Trudeau Sana- 
torium (1, 2). 

It is well recognized that tuberculous empyema is a serious, sometimes fatal, 
and at times frequent complication of artificial pneumothorax. An attempt is 
made here to establish statistically the relative influence of various pre- and 
post-induction clinical features in the causation of tuberculous empyema. 

For the purposes of this study, tuberculous empyema was defined as a cloudy 
or grossly purulent pleural fluid in which acid-fast bacilli could be demonstrated 
on concentrated smear or M. tuberculosis on culture. No distinction has been 
made in this study between cases with and cases without the complications of 
mixed infection and bronchopleural fistula. 


MATERIAL AND METHODS 


The present report is based primarily upon the 557 cases previously studied 
(1, 2). Added to this series, however, are the 48 cases excluded as “non-evalu- 
able” in two of the previous studies (table 2 (1)). The use of supplemental forms 
of collapse and the lack of sufficient data to permit an accurate determination 
of the over-all clinical result with pneumothorax were not considered sufficient 
grounds for the exclusion of these 48 cases from the study of empyema. Hence, 
the present study comprises 605 “‘cases”’ of pneumothorax. 

As in the previous studies, a bilateral pneumothorax is regarded as 2 ‘“‘cases”’; 


1 From Trudeau Sanatorium, Trudeau, New York. 

* Presented, in part, before the Medical Session, as part of the Clinical Session at the 
47th annual meeting of the National Tuberculosis Association, Cincinnati, Ohio, May 16, 
1951. 
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25 bilateral “‘cases’’ are included in this series, but only 14 of these were simul- 
taneously bilateral; there were, therefore, 580 patients in all. 

The clinical records and all available chest roentgenograms taken before, 
during, and after treatment at Trudeau Sanatorium were reviewed in each of 
these 605 ‘‘cases.”’ Details of the clinical course in the years following discharge 
were obtained from records of readmission to Trudeau Sanatorium; from routine 
yearly follow-up questionnaires to ex-patients; from reports and films requested 
from physicians, other institutions, and boards of health; and finally from special 
questionnaires sent by the writer to all living ex-patients in the study. Complete 
follow-up information until death of the patient or to 1949 was obtained in 98 
per cent of the series. 

Tests for the statistical significance of differences between two or more per- 
centages were carried out by standard methods; details of these procedures may 
be found in the first of this series of reports (1). 

Some cases are necessarily excluded from certain of the tables because of lack 
of pertinent data, especially because of an insufficient number of technically 
satisfactory roentgenograms. 


RESULTS OF ANALYSIS 
Morbidity and Mortality 
The incidence of tuberculous empyema occurring during the ten to twenty 


years after induction of pneumothorax was 18.2 per cent. The incidence of 
empyema has previously been reported as follows: 2.3 per cent in 140 patients 
followed two years or more after abandonment (3); 3.6 per cent in 118 patients 
followed for an unstated period after abandonment (4); 3.7 per cent in the first 
three months after induction (5); 5.8 per cent in 750 patients followed for an 
unstated period (6); 6.5 per cent (7); 5-14 per cent (8); 15 per cent in 68 ambula- 
tory patients (9); and 16 per cent in 1,389 patients followed for an average of 2.5 
years (10). It is believed that the prolonged period of observation is an important 
reason for the high incidence in this report. Moreover, wide variation in the 
definition of tuberculous empyema may play a role in the varying incidence of 
this complication in reports in the literature. 

The total mortality from tuberculosis in the 110 cases of empyema during the 
entire ten- to twenty-year observation period was 43.6 per cent. The mortality of 
empyema complicating pneumothorax therapy has been reported as 50.0 per 
cent (11), 52 per cent (12), and 63 per cent (7). Some writers divide their cases 
into two types: (a) “pure” tuberculous empyema, in which the case mortality 
rate is reported as 20 to 30 per cent (13), 34 per cent (14), and 65 per cent (15); 
and (b) mixed infection empyema, usually with bronchopleural fistula, in which 
the case mortality is reported as 63.8 per cent (14) and 70 to 80 per cent (13). 

The cumulative tuberculosis case mortality rates of empyema are shown in 
table 1. The peak occurred in the first year, with a tapering off approximately 
three years after the onset of empyema. 

In table 2, it may be seen that the empyema mortality within five years was 
somewhat higher the earlier the onset occurred after induction. Nine deaths 
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which occurred more than five years after the onset of empyema have been ex- 
cluded from the calculation. 

It is worthy of mention that the onset in one patient occurred thirteen years 
after induction and seven years after abandonment; in another, it was eleven 
years after induction and nine years after abandonment. In both of these cases, 
fluid had formed just before, or coincident with, abandonment of the pneumo- 
thorax and had remained dormant for several years before the empyema became 


TABLE 1 


Cumulative Tuberculosis Mortality Rates of Tuberculous Empyema Complicating 
Therapeutic Pneumothoraz 


(Life-Table Method) 


PRESENT 
AT BEGINNING 
OF YEAR 


AVERAGE NUM- | MORTALITY 
BER AT RISK RATE DUR- 
ING YEAR 


110 


@ 
aooortoon 


TABLE 2 
Five-year Mortality Rates of Tuberculous Empyema Complicating Therapeutic 
Pneumothoraz: Relationship to Speed of Onset After Induction 


EMPYEMA 


ONSET: MONTES AFTER PNEUMO- 
THORAX INDUCTION Deaths from tuberculosis within 5 years 


Number | Per cent 


37 months to 13 years.... uf 


Not significant 


clinically evident. The earliest onset of empyema was within a week after induc- 
tion of pneumothorax. The mean time interval between induction and onset of 
empyema was 24.5 months for the entire series. The median time of onset of 
empyema has previously been reported as being nine to twelve months after 
induction of pneumothorax (16). 

The status in 1949 of the 110 patients who had had tuberculous empyema is 
shown in table 3. 


Relationship of Incidence of Empyema to Clinical Findings Before Induction 


Place of induction: The incidence of tuberculous empyema in 153 cases in which 
pneumothorax was induced before admission was 22.9 per cent compared with a 


CONTACT | SURVIVAL | CUMULATIVE 
ee | LOST DUR- | RATE DURING MORTALITY 
=e ING YEAR YEAR RATES 
| 
{ 
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16.6 per cent incidence in 452 cases of induction of pneumothorax after admis- 
sion. This difference was not quite statistically significant. It is of considerable 
interest, however, since cases induced before admission differed from those 
induced after admission principally in that the patients had undergone a pre- 
liminary period of bed rest before pneumothorax induction much more frequently 


in the latter group (see table 12). 

Sex: There was a significantly higher incidence of tuberculous empyema in 
males than in females (table 4). Study of the master table showed that males 
had a much higher incidence of “heavy” roentgenographic shadows (see table 8). 


TABLE 3 
Status in 1949 of 110 Patients Having Empyema as a Complication of Artificial 
Pneumothoraz Induced in 1930-1939 


1949 status 


Working and well.... 


Chronically ill: tuberculosis 
Dead: tuberculosis ; 
Dead: Nontuberculous cause... 
Contact lost.... 


Total.. 


TABLE 4 
Relationship of Sez to Incidence of Tuberculous Empyema Complicating 
Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


Number Per cent 


75 23.4 
35 12.3 


| 
| CASES 


321 
284 


18.2 


| 


605 


Significant 


Age: Empyema occurred more frequently in the older patients, particularly 
in those 34 years of age and older (table 5). 

Side: The incidence of empyema complicating right-sided pneumothorax 
was 19.2; the incidence in left-sided pneumothorax was 17.0 per cent. 

Age of disease: The relative age of the tuberculous disease under treatment was 
estimated from the duration and nature of symptoms and from the character of 
the roentgenographic shadows in serial films including those taken months 
or years before admission. In deciding that a lesion was “old,” attention was paid 
in particular to evidence of pulmonary contraction, stringlike and calcific den- 
sities, and patches of emphysema. A lesion was classified as of “medium” dura- 


NUMBER PER CENT 
Working but only fairly well 13 11.8 
7 6.4 
48 | 43.6 
3 2.7 
0 0 
110 100.0 
Male... | 
Female 
Total 110 
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tion when the various considerations placed it somewhere between “recent” 
and “old.” No relationship could be demonstrated between the estimated age of 
disease as determined and the incidence of empyema (table 6). 

Dynamic status: The relationship between the progress of the disease before 
induction and the incidence of empyema is presented in table 7. The patients who 
showed improvement of their tuberculosis before induction were less apt to 
develop empyema. Dynamic status of disease was considered determinable 
only in those patients who were under observation (usually at rest) for at least 
two months before induction. As a consequence, many patients who received 


TABLE 5 
Relationship of Age of the Patient to Incidence of Empyema Complicating 
Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


Per cent 


14.3 
18.4 
25.9 


Not significant 


TABLE 6 
Relationship of Estimated Age of Disease to Incidence of Empyema Complicating 
Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUINO 10-20 YEARS 


ESTIMATED AGE OF DISEASE 


Number Per cent 


18.7 
14.4 
“Old”......... 21.2 


Not significant 


pneumothorax very soon after diagnosis were necessarily excluded from this 
study. 

Extent of disease: An unexpected finding was the rather small difference in 
incidence of empyema between the cases of moderately advanced (16.4 per cent) 
and those of far advanced (22.6 per cent) tuberculosis. 

Density of roentgenographic shadows: As was true of over-all clinical results 
with pneumothorax (1), a highly significant relationship existed between the 
relative density of the roentgenographic shadows and the incidence of empyema 
(table 8). Illustrations of what is meant by relative density are presented in 
figure 2 of the first report of this series (1). It is unfortunate that this factor was 


| 
245 35 
244 45 
116 | 30 | 
CASES 
562 


132 ROGER 8. MITCHELL 


not determinable in 175 cases because of either the poor quality of the available 
films or the unavailability of a key film taken just before pneumothorax induc- 
tion. It has previously been observed that so-called exudative disease (pre- 
sumably “heavy” shadows) and a mechanically poor collapse are the chief 
causes of empyema complicating pneumothorax (17). 

Endobronchial disease: The presence or absence of tuberculous involvement of 
the major bronchi was determined by bronchoscopy before induction in only 18 
cases, an insufficient number from which to derive reliable data. 


TABLE 7 
Relationship of Dynamic Status of Disease to Incidence of Empyema Complicating 
Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


Number | Per cent 


278 19.8 
90 15.5 
74 | 10.8 


442 


Not significant 


TABLE 8 
Relationship of Density of the Roentgenographic Shadows to Incidence of Empyema 
Complicating Pneumothoraz Therapy 


| INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 
DENSITY OF ROENTGENO- : 
GRAPH! 


Number Per cent 


2 3.0 
22 12.9 
49 25.65 


Significant 


Roentgenographic indications of endobronchial disease, i.e., segmental distribu- 
tion of disease, contracted lobe or lung, bronchiectasis, or an almost normal film 
in the presence of sputum rich in tubercle bacilli, have been found to be related 
to the incidence of empyema (18). One or more of these findings were present in 
40 cases (table 9). The incidence of empyema in these 40 cases was higher than 
in those cases not exhibiting one of these features. It must be stressed, further- 
more, that no symptoms, physical signs, or bronchoscopic findings were involved 
in this determination. 

Another suggestive indication of endobronchial tuberculosis is the presence of 
sputum positive for tubercle bacilli in the absence of cavity. In the absence of cavity, 
empyema occurred in 25.6 per cent in contrast to an incidence of 17.0 per cent 


DYNAMIC STATUS CASES 
Worse 
Same 
Improved 
Total | || 
“Light” 67 
*“Medium”’ 171 
“Heavy” 192 
Total 430 
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in the patients with cavity. Some of the 82 patients without cavity on stereo- 
scopic or single films, however, would have doubtless shown cavity on planigrams. 

The presence or absence of a fluid level within a cavity was found to have no 
relationship to the incidence of empyema. 

Cavity size: It may be seen in table 10 that with very extensive (more than 
6.5 cm. in total diameter) cavitation, empyema was much more likely to occur 
than in the presence of less extensive cavitation. Nevertheless, there was re- 
markably little difference in the incidence of empyema occurring in patients 
with cavities of 0.5 to 3.0 cm. and those with cavities of 3.5 to 6.0 cm. in diameter. 


TABLE 9 
Relationship of Roentgenographic Evidence of Major Bronchial Disease Before Induction to 
Incidence of Empyema Complicating Pneumothoraz Therapy 


ROENTGENOGRAPHIC i INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 
EVIDENCE OF MAJOR BRONCHIAL | | 
DISEASE | 


Per cent 


22.5 
16.9 


Not significant 


TABLE 10 
Relationship of Cavity Size to Incidence of Empyema Complicating Pneumothorax Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 
CASES 


CAVITY SIZE 


Number Per cent 


| 
380 58 
99 17 
17 6 


-5-6 


5+ 


| 


Not significant. 


Furthermore, roentgenographic shadows were more likely to be “heavy” in 
cases with cavities of 6.5 cm. or more. 

Single versus multiple cavitation: Multiple or multilocular cavities were not 
associated with a materially different incidence of empyema than were single 
cavities. 

Cavity “wall”: Empyema was more frequent the thicker the cavity “wall” 
appeared to be on the roentgenogram (table 11). For examples of the three 
types of cavity “wall” used in this study, the reader is referred to figure 1 in the 
first report of this series (1). In 265 of the 605 cases, the cavity “wall’”’ could not 
be clearly seen because of the density of the surrounding disease or because of 
unsatisfactory films taken immediately before induction. 


t 18.3 
3 17.2 | 
35.3 
Total 496 
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Location of cavity: In defining the location, the lung was divided roughly into 
4 parts: (a) aper, within the circle of the first rib; (b) infraclavicular region, from 
the first to the third anterior rib; (c) mid-lung, approximately the middle third 
of the lung field; and (4) base, approximately the lower fourth of the lung field. 
Cases with cavities in multiple locations and those with no cavity were excluded 
from this study. No effort was made to place cavities within the various lobes or 
lung segments because of the lack of lateral films and planigrams. The incidence 
of empyema was found to be higher to a probably significant degree in disease 
located in the apex and infraclavicular regions than in disease located pre- 


TABLE 11 


Relationship of Thickness of Cavity ‘‘Wall’’ on Roentgenogram to Incidence of Empyema 
Complicating Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


cavity “WALL” ON ROENT- 
GENOGRAM 


Per cent 


“Thin” 12 
‘‘Medium”’ 13 
“Thick” 


Total 


Not significant 


TABLE 12 


Relationship of Duration of Bed Rest Prior to Induction to Incidence of Empyema 
Complicating Pneumothorar Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 
PRIOR BED REST (wowTHS) | CASES 
Number | Per cent 


21.8 
12.8 


Probably significant 


dominantly in the mid-lung and base. On the other hand, this may well be ex- 
plained by the very great difference in type of collapse between upper and lower 
lung disease (2) plus the strong relationship between adhesions and empyema 
(see table 13). 

Contralateral lung: The extent and activity of tuberculosis in the contralateral 
lung were not found to have any relationship to the incidence of empyema com- 
plicating homolateral pneumothorax. 

Prior bed rest: A distinct relationship was demonstrable between the incidence 
of empyema and the duration of bed rest immediately before induction of pneu- 
mothorax (table 12). Exclusive of all other considerations, the prolongation of 


~ 
Number 
10.2 
12.9 
22.3 
340 
None. . 193) | 42) 
1-3 | | 43, 
4+ 163 20 
Total... 605 | | 
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bed rest before induction to more than three months was associated with a drop 
in incidence of empyema from 20.3 per cent to 12.3 per cent. This finding con- 
firms published opinion (18). From a study of autopsies, it has also been found 
that 42 per cent of the empyema complicating pneumothorax therapy occurred in 
cases wherein pneumothorax was induced within one to three months after onset 
of the disease; the incidence was reduced to 28 per cent in patients in whom 
pneumothorax had been induced between the fourth and seventh months after 
the onset of the disease (19). 


Relationship of Incidence of Empyema to Features of Management After Induction 
of Pneumothorax 

Anatomic freedom from adhesions: In line with well-established clinical judg- 

ment (14, 15, 16, 17, 20, 21), it is clear from table 13 that the degree of freedom 


TABLE 13 
Relationship of the Relative Degree of Anatomic Freedom from Adhesions to Incidence of 
Empyema Complicating Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


Number 


48 
32 
14 
8 
7 


Significant 


from adhesions had a highly significant relationship to the incidence of empyema. 
The freedom of the lung from the chest wall, diaphragm, and mediastinum was 
estimated from serial single and stereoscopic chest roentgenograms, fluoro- 
scopic reports, and thoracoscopic observations. 

An “excellent” collapse meant that no adhesions were visible anywhere. A 
“good” collapse was an almost free pleural space, with no adhesions anywhere 
near the diseased portion of lung for which pneumothorax was given. A “fair” 
collapse was either a free space except for one or two stringlike adhesions ad- 
jacent to the area of principal involvement or moderate adhesions well away 
from this area. “Poor” and “very poor’’ represent two degrees of extensive and 
severe adhesions, including broad adhesions at the area of principal involvement 
in both instances. 

In short, the types of collapse designated “‘poor” and “very poor” were, by 
modern standards, those cases in unquestioned need of pneumonolysis or 
abandonment; those with “good” and “excellent” collapses were considered 
satisfactory ; in those with a “fair” collapse, the need for pneumonolysis could not 


TYPE OF COLLAPSE | CASES _ 
| Per cent 
202 23.8 
*““Poor’’. .. 160 20.0 
“Pair” 100 14.0 i 
“Good’”’. 54 14.8 
85 8.2 
601 | 
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be clearly determined from the available evidence. Degree of freedom from ad- 
hesions is not to be confused with degree of collapse. 

The type of collapse was studied from two other points of view. In the first 
place, after exclusion of all cases with “very poor” and “poor” types of collapse, 
the rest of the cases, classified as “probably satisfactory collapse,” were divided 
into those with and those without limited adhesions at the area of principal 
involvement. In table 14 it may be seen that there was a moderate difference in 
the incidence of empyema in these two types of case. 


TABLE 14 
Relationship of Adhesions at Area of Principal Involvement to Incidence of Empyema 
Complicating Pneumothoraz Therapy: All Cases with “‘Poor Anatomic 
Coliapse”’ Excluded 


| INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 
ADHESIONS AT AREA OF PRIN- 
CIPAL INVOLVEMENT | 


Not significant 


TABLE 15 


Relationship of Sudden Airlessness and Contraction of the Lung or a Lobe Soon After 
Induction to Incidence of Empyema Complicating Pneumothoraz Therapy 


SUDDEN AIRLESSNESS AND 
CONTRACTION OF THE LUNG OR 
A LOBE SOON AFTER 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 
CASES 


Number Per cent 


66 15.6 


| 
| 
| 13 48.2 


Significant 


The same group of cases studied in table 14 was also divided into patients with 
and those without adhesions in the upper mediastinum. The presence of such 
adhesions was associated with only a slightly higher (14.9 per cent) incidence of 
empyema than occurred in their absence (11.1 per cent). 

Type of pressure used: The use of positive-pressure pneumothorax was not 
associated with a statistically significant increase in the incidence of empyema 
in this series. The record of pressures observed while the patient received pneumo- 
thorax at the sanatorium was the source of this determination. If, after the 
administration of air, pressures were positive on both inspiration and expiration 
with any consistency, the patient was classified as receiving positive-pressure 
pneumothorax. All other cases were classified as negative-pressure pneumothorax. 

Roentgenographic evidence of endobronchial obstruction soon after induction: 


Absent | 147 16 10.9 
Total... | 218 
INDUCTION 
Prenat... 
Absent 426 
Total | 453 | | 
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Sudden airlessness and contraction of a lobe or lung soon after induction of 
pneumothorax is considered suggestive of major bronchial obstruction (18). 
The incidence of empyema in the 27 cases in which this occurred within two 
months after induction was significantly higher than in 426 cases in which such 
evidence was lacking (table 15). 

Speed of cavity closure: Cavity closure occurred within one year after induction 
of pneumothorax in 400 of the 605 cases. Cavity closure was determined without 
the aid of planigrams, and closure was not diagnosed until the absence of cavity 
was repeatedly demonstrated. The approximate time required for closure was 


TABLE 16 
Relationship of Speed of Cavity Closure to Incidence of Empyema Complicating 
Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


| 
MONTHS TO CAVITY CLOSURE CASES 


Per cent 


237 9.3 
88 13.6 
21 19.0 


346 


Not significant. 


TABLE 17 
Relationship of Speed of Sputum “Conversion’’ to Incidence of Empyema Complicating 
Pneumothoraz Therapy 


INCIDENCE OF EMPYEMA IN THE ENSUING 10-20 YEARS 


Per cent 


7.3 
11.8 
18.0 


Not significant 


determined in 346 cases. There was a definite trend toward a higher incidence of 
empyema with delay in cavity closure (table 16). 

Speed of sputum “conversion”: Sputum positive for acid-fast bacilli before 
pneumothorax induction became converted to negative within the first twelve 
months after induction in 370 cases. Two or more consecutive, negative, fifty- 
hour concentrated smears were considered evidence of sputum negative for 
acid-fast bacilli. Sputum cultures and cultures of gastric washings were available 
in only a few cases toward the end of the ten-year period and were disregarded 
for the purposes of this study. Examination of the 304 cases in which the approxi- 
mate time of “conversion” was determined revealed an interesting trend in the 
incidence of empyema (table 17). 


Number 
| 
Total... | | 
Number 
150 ll ! 
93 il 
61 | ll 
Total | 304 | | 


ROGER 8. MITCHELL 


DISCUSSION 


The definition of tuberculous empyema used in this study is not new (12, 22) 
but is admittedly arbitrary and open to some question. The exclusion of cases 
with an obviously purulent effusion, from which organisms were never obtained 
by smear or culture, may to have been unwarranted. Actually, there were 
only 4 such instances in this study. This was probably because of the ten to 
twenty-year period of observation which made the ultimate confirmation of a 
positive bacteriologic diagnosis very likely. Furthermore, tubercle bacilli were 
recovered from pleural fluids which resorbed without becoming purulent; 3 such 
cases were also not classified as empyema. 

Inflammatory obstructions of the major bronchi demonstrable by bronchos- 
copy have a clearly established relationship to the incidence of empyema 
complicating pneumothorax (18). A strong relationship was not found when 
roenigenographic criteria were substituted for bronchoscopic findings before 
induction (table 9). It is believed that this observation does not justify a change 
in our present concepts about endobronchial disease but simply emphasizes the 
difficulty in diagnosing it from the chest roentgenogram. 

Using similar reasoning, the findings of table 15, on the other hand, suggest 
that the roentgenographic criteria of major bronchial occlusion after induction 
are more reliable. 


SUMMARY 


The incidence of tuberculous empyema complicating 605 cases of pneumo- 
thorax in the ten to twenty years following induction was 18.2 per cent. 

In a series followed for ten to twenty years following induction, the average 
interval between the induction of pneumothorax and the onset of tuberculous 
empyema was approximately two years. 

The total tuberculosis mortality of tuberculous empyema complicating the 
pneumothorax therapy of pulmonary tuberculosis was 43.6 per cent in this 
series. 

Pre-induction factors significantly related to the incidence of tuberculous em- 
pyema were the density of the roentgenographic shadows and the duration of 
prior bed rest. 

Post-induction factors significantly related to the incidence of tuberculous 
empyema were anatomic freedom from adhesions and sudden contraction and 
airlessness of a lobe or lung following induction. 


SUMARIO 


Neumotérax Terapéutice. Andlisis Estadtstico de 557 Casos Iniciados en 1930-1939 
y Reobservados en 1949. IV. Incidencia, Mortalidad, y Otros Factores Asociados 
al Empiema Complicante 


La incidencia del empiema tuberculoso como complicacién en 605 casos de 
neumotdérax durante los diez a veinte afios consecutivos a la indicacién repre- 
senté 18.2 por ciento. 
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En una serie mantenida en observacién por espacio de diez a veinte afios 
después de la induccidén, el intervalo medio entre la induccién del neumotérax y 
la iniciacién del empiema tuberculoso fué aproximadamente de dos afios. 

La mortalidad tuberculosa total en el empiema tuberculoso que complicé 
la colapsoterapia en esta serie fué de 43.6 por ciento. 

Factores pre-induccién relacionados significativamente con la incidencia del 
empiema tuberculoso fueron: la densidad de las sombras roentgenograficas y la 
duracién del descanso anterior en cama. 

Factores post-induccién significativamente relacionados con la incidencia del 
empiema tuberculoso fueron: la ausencia anatémica de adherencias y la sibita 
contraccién y falta de ventilacién de un lébulo o pulmén después de la induccién 
del neumotérax. 

RESUME 


Pneumothoraz artificiel: Analyse statistique de 557 cas instaurés en 1930-1939 
et réexaminés en 1949. IV. Fréquence, mortalité, facteurs associés a l’empyéme 


Dans 605 cas de pneumothorax observés au cours de diz & vingt années suc- 
cédant a sa création, la fréquence de l’empyéme tuberculeux secondaire est de 
18, 2%. 

Dans une série qui a été observée pendant dix A vingt ans aprés la création 
d’un pneumothorax, |’intervalle moyen entre |’instauration du pneumothorax 
et le début de l’empyéme tuberculeux est approximativement de deux années. 

Dans cette série la mortalité par empyéme tuberculeux secondaire a la col- 
lapsothérapie par pneumothorax représente 43,6% de la mortalité tuberculeuse 
totale. 

Les facteurs existant avant la création du pneumothorax qui avaient un rapport 
marqué avec l’apparition de l’empyéme tuberculeux étaient: la densité des 
opacités indiquées par la radiographie et la durée de la cure de repos antérieure 
au pneumothorax. 

Les facteurs succédant a la création du pneumothorax ayant un rapport marqué 
avec l’apparition de |’empyéme tuberculeux étaient l’absence de brides avec 
rétraction brusque d’un lobe au d’un poumon avec disparition de I’air alvéolaire. 
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ARTIFICIAL PNEUMOTHORAX: A STATISTICAL ANALYSIS OF 557 
CASES INITIATED IN 1930-1939 AND FOLLOWED IN 1949':? 


V. Incidence, Degree, and Causative Factors cof Pulmonary Contraction or 
“Unexpandable Lung” 


ROGER 8. MITCHELL 
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INTRODUCTION 


An important objection to the “temporary” collapse of a tuberculous lung 
by means of artificial pneumothorax is the possible complication of ‘“unexpand- 
able lung” (1-5). This term is often applied only to a totally collapsed lung 
which will neither re-expand nor reach the chest wall by means of overdisten- 
tion of the contralateral lung and by thoracic and mediastinal distortion. It is 
now well recognized, however, that, in spite of the disappearance of all gas from 
the pleural space, many post-pneumothorax lungs remain partially or totally 
unexpandable. 

Study of roentgenographic and pathologic material (6) clearly indicates that 
after abandonment a pneumothorax space may be partially replaced by fluid, 
an organized fibrin “peel” (often erroneously referred to as a “thickened pleura”), 
overdistended contralateral lung, or overdistended portions of the homolateral 
lung. The space may be made smaller by thoracic contraction, mediastinal de- 
viation, and upward displacement and fixation of the hemidiaphragm. There is 
now little doubt that these changes may be accompanied by a considerable loss 
of pulmonary function (7). In retrospect, permanent reduction of thoracic 
volume by means of thoracoplasty, instead of so-called “temporary” reduction 
of pulmonary volume by means of pneumothorax, may leave some patients with 
better late pulmonary function, less damage to bronchi, less danger of empyema, 
less chance of overdistention, and less chance for the need of future surgical 
treatment. 

The present report is an attempt to determine the incidence, degree, and 
causative factors of the unexpandable lung (pulmonary contraction) which may 
become evident after abandonment of pneumothorax. 


MATERIAL AND METHODS 


Artificial pneumothorax was successfully induced in 557 cases at Trudeau 
Sanatorium between January 1, 1930 and December 31, 1939. All cases of 
bilateral pneumothorax have been excluded from the present evaluation. One 
or more chest roentgenograms, obtained two or more years after abandonment of 
pneumothorax and before the use of other collapse or surgical treatment, were 


1 From Trudeau Sanatorium, Trudeau, New York. 

* Presented, in part, before the Medical Session, as part of the Clinical Session at the 
47th annual meeting of the National Tuberculosis Association, Cincinnati, Ohio, May 
16, 1951. 
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reviewed in 312 of these cases and provide the basic material for this study. 
These films were compared with other films taken before and during pneumo- 
thorax collapse. The estimate of the post-abandonment size of the pneumo- 
thorax-treated lung was based upon a comparison of its post- with pre-pneumo- 
thorax surface area. This estimate was made roughly in multiples of 5 per cent. 

The findings were divided into three classes: (a) little or no contraction 
(0-20 per cent), (b) moderate contraction (25-60 per cent), and (c) marked 
contraction (65 per cent plus). 

By means of the same methods and criteria used in previous studies of this 
same group of patients (8), the relationship of various pre- and post-induction 
findings to the incidence and degree of late pulmonary contraction was de- 


NONE 5-20% 25-40% 


45-60% 65-80% 100% 


Fie. 1. Incidence and approximate degree of pulmonary contraction (“‘unexpandable 
lung’’) observed two or more years after abandonment of unilateral pneumothorax. 


termined. A number of cases were necessarily excluded from some of the studies 
because of a lack of sufficient data. 


RESULTS 


Incidence and degree: The incidence and approximate degree of pulmonary 
contraction found in the 312 cases are shown graphically in figure 1. There was 
no discernible contraction in 17 per cent and a total or almost total collapse in 
14 per cent. Slightly more than half of the latter were left with an air pocket 
long after abandonment. 

An estimate of the degree of residual “thickened” pleura and fluid was made 
in each case. It is realized that the roentgenographic determination of the degree 
of thickened pleura and residual fluid after disappearance of pneumothorax is 
somewhat unreliable. Nevertheless, it was believed that there was fairly con- 
clusive evidence of the presence of significant amounts of residual fluid in 40 
per cent of the cases. Thickening of the pleura was classified as absent in 20 per 
cent, slight in 57 per cent, and moderate to marked in 23 per cent. 
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Morriss (3) in 1942 reported the following findings after ‘‘re-expansion” of 
295 lungs: 40 per cent showed no to slight contraction; 32 per cent, moderate; 
and 28 per cent, marked contraction; only 3 per cent were totally unexpandable. 
Eglee and Jones (1) reported that residual fluid was present in 20 per cent, 
varying degrees of pleural thickening in 83 per cent, and marked mediastinal 
distortion in ‘“most”’ of a series of patients after cessation of therapeutic pneumo- 
thorax. 

Empyema: For purposes of this study, empyema is defined as a cloudy or 
grossly purulent pleural fluid which contained acid-fast bacilli demonstrable on 
smear or tubercle bacilli on culture and which occurred homolaterally at any 
time during the ten-to-twenty-year study period. Details regarding the intervals 
between the onset of empyema and induction or abandonment of pneumo- 
thorax may be found elsewhere (9). It is well recognized that complicating 
empyema is a potent factor in the causation of unexpandable lung (1-5). This 
fact was strongly confirmed in the present study (table 1). 


TABLE 1 


Relationship of Empyema to the Incidence and Degree of Pulmonary Contraction Two Years 
or More After Abandonment of Pneumothoraz 


DEGREE OF CONTRACTION 


Marked 


Per cent 


71.2 
28.1 


85.3 


Significant 


Because moderate to marked pulmonary contraction complicated almost 
every case of empyema, the 52 proved cases of empyema were excluded from 
consideration in all subsequent studies (tables 2-9). 

Simple pleural effusion: After excluding the 52 cases of proved empyema and 7 
cases with insufficient data, the remaining 253 cases were divided into two 
groups distinguished by a difference in the maximum amount of fluid known to 
have complicated the pneumothorax at any time during the period of collapse 
(table 2). Only a slight and apparently unimportant relationship was found in 
this analysis. 

Age of the patient: From the data in table 3, it may be seen that a moderate 
amount of pulmonary contraction occurred somewhat more frequently in the 
older (34 or more years) than in the younger (16 to 33 years) age group. 

Duration of pneumothorax: Duration of pneumothorax, considered as a single 
factor, was found to have a strong relationship to the incidence of late pulmo- 
nary contraction (table 4). The significance of the duration of pneumothorax 
was not lost when this factor was correlated with other possibly pertinent 


EMPYEMA | cass | Little or none | Moderate | 

| 

| Number | Per cent | Number | Percent | Number | 
Present... | 52 | 2 | 3.8 | 3 | 696.0 | 37 | 

Absent... | 20 | 101 | 38.8 | 86 | $3.1 73 | 
Total...........| 312 | 108 | | 9 | | 10 | om 
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factors, such as extent of disease (table 5), density of the roentgenographic 
shadows, and anatomic freedom from adhesions (table 7). 

Extent of disease: No significant relationship was found between extent of 
disease and late pulmonary contraction; this was true both when extent was 
measured by total diameter of cavitation and by the National Tuberculosis 
Association classification before induction (table 5). 

Density of roentgenographic shadows: For examples of what is meant by “light,” 
“medium,” and “heavy” roentgenographic shadows, the reader is referred to 


TABLE 2 


Relationship of Pleural Effusion to the Degree of Pulmonary Contraction Two Years or More 
After Abandonment of Pneumothoraz (Empyema Excluded) 


| | DEGREE OF CONTRACTION 


| Number Percent | Number | Percent | Number | Per cent 


47 26.2 
Moderate to marked || 74 =| #21 28.4 | 32 


43.2 | 
| 
| 


| 

Little or none | 179 | 78 43.6 | 54 | $0.2 
| 

34.0 


Totals... | | 99 39.1 | 86 68 26.9 


Not significant 


TABLE 3 


Relationship of Age of Patient to the Degree of Pulmonary Contraction Two Years or More 
After Abandonment of Pneumothoraz (Empyema Excluded) 


| DEGREE OF CONTRACTION 


AGE OF PATIENT 


Not significant 


figure 2 in the first report of this series (8). Scattered or isolated nodular or 
linear shadows from 1 to 5 mm. in diameter were classified as “light.’’ Multiple 
confluent dense shadows of approximately 2 cm. or more in diameter were 
classified as “heavy.’’ Shadows which fell between these extremes were classified 
as “medium.” There was only a slight relationship between the density of the 
roentgenographic shadows and pulmonary contraction (table 6). Because of its 
important relationship to clinical results (8) and incidence of empyema (9), the 
density of the roentgenographic shadows was also studied in correlation with 
the relative anatomic freedom from adhesions and the duration of pneumo- 
thorax. No relationship to pulmonary contraction was found. 


| CASES | Medemte | 
 enbe | Per cent Number | Per cent Number Per cent 
16-25... 103 4.7 | | | 28.1 
26-33... | 42 | | 39 | 36.4 | 29 26.4 
34+... 47 | | 19 | 44.8 | 13 | 87.6 
Totals. .. 260 101 | 8 | | 87.8 
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TABLE 4 
Relationship of Duration of Pneumothoraz to the Digr= of Pulmonary Contraction Two 
Years or More After Abandonment of Pneumothcrax (Empyema Excluded) 


DEGREE OF CONTRACTION 


Zi 


Significant 


TABLE 5 
Relationship of Extent of Disease as Measured by the National Tuberculosis Association 
Classification and Duration of Collapse to Degree of Pulmonary Contraction Two Years 
or More After Abandonment of Pneumothoraz (Empyema Excluded) 


DEGREE OF CONTRACTION 


Little or none Moderate Marked 


Number Per cent Number | Per cent Number Per cent 


Moderately Advanced 


21 ll 
32 . 24 
18 19 


| | 


0 
33.3 
36.0 


26.2 


Significant 


Anatomic freedom from adhesions: The degree of anatomic freedom from 
adhesions was found to have no relationship to pulmonary contraction when 
studied as a single factor, when correlated with the density of the roentgeno- 
graphic shadows, or when correlated with the duration of pneumothorax (table 
7). Freedom from adhesions was estimated from single and stereoscopic postero- 


A+ | CASES Little or none Moderate | Marked 
Number | Per cent Y Sauer Per cent Number Per cent 
months 
| 17 68.0 8 $2.0 0 0 
19-94....... he 17 54.8 9 29.0 5 16.2 
23 41.8 17 30.9 15 27.3 
20 $8.2 20 $8.2 | 13 23.6 
49-72... | 12 20.7 | 20 $4.6 | 2 44.8 
73+. .... | 10 | 29.0 | 17 44.7 
Totels..........| | 99 | $8.1 | 85 | | 76 29.2 
DURATION OF 
PNEUMOTHORAX CASES 
6-24... | 37 29.7 | 5 13.6 
33.3 | 16 22.2 
Totals..........) 180 | 71 | 39.4 | 30.6 
Significant 
Far Advanced 
6-24... | 19 | 43 | 63.4 | 6 | o | 
25-48... | 36 11 | 80.6 13 86.1 | 12 
49+...... | 2% 4 | 0.7 | 12 | #0] 9 
Totals..........| 80 | 2 | 96.0 | 3 | se | 
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anterior chest films and fluoroscopic reports after collapse was well established 
and pneumonolysis, if any, had been completed. All cases classified as “poor 


TABLE 6 


Relationship of Density of Roentgenographic Shadows to Degree of Pulmonary Contraction 
Two Years or More After Abandonment of Pneumothoraz (Empyema Excluded) 


“Light”’. . 
*Medium”’.. 
“Heavy”’.. 


Totals. . 52 


Not significant 


Relationship of Type of Collapse and Duration of Collapse to Degree of Pulmonary 
Contraction Two Years or More After Abandonment of Pneumothoraz 
(Empyema Excluded) 


Little ornone | Moderate Marked 
Number | Percent | Number | Percent | Number | Per cent 


“Poor Anatomic Collapse”’ 


| 59.0 4 10.2 
40.0 15 35.0 
23.2 | 18 41.9 


| 40.1 | | 37 | 96.1 
Probably significant 


“Probably Satisfactory Collapse”’ 


12 | 0 
20 | 24.4 
ll 46.0 


43 ‘ 30.1 


Significant 


anatomic collapse” exhibited either extensive adhesions or adhesions of at least 
moderate degree adjacent to the principally involved area of lung. Those classified 
as “probably satisfactory collapse” included all which were adhesion free and 


DEGREE OF CONTRACTION 
a CASES Little or none Moderate | Marked 
| Number | Per cent Number Per cent ” Sauber Per cent 
35 19 | 54.3 9 25.7 7 20.0 
| 90 41 44.4 25 | 27.8 24 27.8 
| 7% | 22 | 9.3 32 | 4.7 | 21 28.0 
TABLE 7 
DEGREE OF CONTRACTION 
PNEUMOTHORAX CASES 
23 
49+.. : wit 43 10 
Totals....... 42 
6-24 18 | 
49+ . 50 
Totals... °° °° 
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others exhibiting moderate adhesions at some distance from the principally 
involved area or one or two stringlike adhesions confined to this area (10). 

Roentgenographic evidence of endobronchial disease: Pre-induction roentgeno- 
graphic criteria which were considered suggestive of major endobronchial disease 
were (/) lobar distribution of disease, (2) contracted lobe or lung, (3) bronchiec- 
tasis (by bronchogram), and (4) negative or almost negative chest roentgenogram 
associated with sputum positive for M. tuberculosis. The post-induction roent- 
genographic criteria suggestive of endobronchial disease were sudden airlessness 
and contraction of lung within two months after induction. 


TABLE 8 
Relationship of Roentgenographic Evidence of Major Bronchial Disease to Incidence and 
Degree of Pulmonary Contraction Two Years or More After Abandonment 
of Pneumothoraz (Empyema Excluded) 


DEGREE OF CONTRACTION 


Little or none Moderate Marked 


Number Per cent Number Per cent Number Per cent 


Before Induction 


2 11.1 
80 44.4 


82 41.4 


Not significant 


After Induction 


0 0 77.8 
82 465.6 24.0 


82 41.4 28.8 
Significant 


Analysis of only those cases in which films were available both immediately 
before and within two months after induction of pneumothorax reveals (table 
8) that roentgenographic evidence of endobronchial disease was found to have 
a strong relationship to pulmonary contraction. The post-induction roentgeno- 
graphic observations were found to be the more important. 

Other factors: Numerous other factors were studied, such as dynamic status 
of the disease, estimated age of disease, location of disease, and duration of bed 
rest before induction; and speed of cavity closure, speed of sputum “conversion,” 
and duration of bed rest after induction. No important relationship was found 
between any of these factors and the incidence and degree of late pulmonary 
contraction. 

Overdistention of contralateral lung: Interest has been aroused in the possible 


ROENTGENOGRAPHIC — 
EVIDENCE OF BRONCHIAL | CASES 
5 7.8 | 61.1 
Absent......... teal 180 54 30.0 46 25.5 
Totals..........| 198 | | so | | | 2.8 
| 18 
198 
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influence of overdistention of the contralateral lung upon reactivation of disease 
in that lung following abandonment of pneumothorax (5). This subject is studied 
in table 9. Contralateral reactivation was diagnosed only when the spread of 
disease occasioned a return to some form of active treatment. It should be 
pointed out that these reactivations occurred at various times beginning right 
after abandonment to as long as six years after abandonment. 

The presence and degree of contralateral overdistention was determined 
roughly from the position of the trachea, heart, and great vessels. 

There was a higher incidence of contralateral reactivation in the presence of 
overdistention than in its absence. However, the rate of reactivation was slightly 
higher with moderate than with marked overdistention. 


TABLE 9 


Relationship of Overdistention to Incidence of Breakdown in the Contralateral Lung After 
Abandonment of Therapeutic Pneumothoraz (Empyema Excluded) 


CONTRALATERAL REACTIVATIONS 
APPROXIMATE DEGREE OF 
OVERDISTENTION 


Per cent 


Little or none | 9.6 
Moderate | 17.8 
Marked 


13.1 


Not significant 


DISCUSSION 


A crude method of estimating the presence and degree of pulmonary con- 
traction was used in this study. Mapping each lung*’and measuring the surface 
areas with a planimeter were tried but did not yield additional useful information. 

It is well recognized that loss of lung volume is not necessarily followed by a 
comparable loss in ventilatory and, more particularly, respiratory function. 
Lacking physiologic studies such as bronchospirometry, lung volume determi- 
nations, and blood gas analyses, it is believed that the methods used in this 
study provided only a very rough estimate of the relative degree of loss of 
functioning lung following abandonment of pneumothorax. 

Complete details concerning the amount, character, bacteriology, and per- 
sistence of the pleural effusions were lacking in many instances, especially after 
discharge of the patient from the sanatorium. For instance, thoracentesis may 
not have been performed in spite of a clear indication for this procedure. Cytologic 
and bacteriologic examinations may have been omitted or inadequate. A few 
patients with large persistent effusions which were never aspirated eventually 
were found to have markedly contracted lungs. In short, it is believed that more 
complete details on those effusions classified herein as ‘simple pleural effusions”’ 
might well have further emphasized the importance of grossly infected pleural 
fluid in the causation of pulmonary contraction. 


Total 260 34 mz 
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This study indicates clearly that both the frequency and severity of pulmo- 
nary contraction are significantly related to the duration of pneumothorax. It 
was reported earlier that late relapse was apparently unrelated to the duration 
of pneumothorax (9). Combining these two observations, one may conclude that 
the duration of pneumothorax collapse should be restricted to a practicable 
minimum in order to reduce the risk of pulmonary contraction and possibly the 
unnecessary loss of lung function. 

The study of the influence of overdistention upon contralateral reactivation of 
disease was interpreted as inconclusive. 


SUMMARY 


An analysis has been made of 312 cases of therapeutic pneumothorax from 
the standpoint of the ultimate development of pulmonary contraction. 

An important relationship was found between the incidence and degree of 
pulmonary contraction following pneumothorax and the following factors: 
empyema, the duration of pneumothorax, and roentgenographic evidence sug- 
gestive of bronchial disease both before and after induction. 

No important relationship was found between the incidence and degree of 
pulmonary contraction and the following factors: age of the patient, cavity size, 
location of disease, dynamic status of the disease, density of the roentgeno- 
graphic shadows, estimated age of disease, duration of rest before induction, 
anatomic freedom from adhesions, speed of cavity closure, speed of sputum 
“conversion,” and duration of rest after induction. 


The strong influence of duration of pneumothorax on the incidence and degree 
of pulmonary contraction presents a potent argument for limiting the duration 
of therapeutic pneumothorax to a practicable minimum period. 


SUMARIO 


Neumotéraz Terapéutico. Andlisis Estadistico de 557 Casos Iniciados en 1930-1989 
y Reobservados en 1949. V. Incidencia, Grado, y Factores Etiolégicos del Pulmon 
Contratble 6 Inexpandible”’ 


Descubridése una relacién importante entre la incidencia y grado del pulmén 
inexpandible consecutivo al neumotdérax y los siguientes factores: empiema, 
duracién del neumotérax y signos roentgenograficos indicativos de bronquiopatia 
tanto antes como después de la induccidén. 

No se observé relacién importante entre la incidencia y grado de la inexpandi- 
bilidad pulmonar y los siguientes factores: edad del enfermo, tamafio de la 
caverna, localizacién de la enfermedad, estado dindmico de la dolencia, espesor 
de las sombras radiogrdficas, edad calculada de la enfermedad, duracién del 
reposo antes de la induccién, ausencia anatémica de adherencias, velocidad del 
cierre de las cavernas, velocidad con que viré el esputo y duracién del reposo 
después de la induccién. 

El poderoso influjo ejercido por la duracién del neumotérax sobre la incidencia 
y grado de la inexpandibilidad pulmonar aporta un potente argumento en pro 
de la limitacién de la duracién del neumotérax al m{inimo factible. 


ROGER 8. MITCHELL 


RESUME 


Pneumothorax artificiel: Analyse statistique de 557 cas instaurés en 1930-1939 
et réexanimés en 1949. V. Fréquence, degré, et facteurs déterminant le défaut 
de contraction pulmonaire ou “réexpension du poumon” 


Une corrélation marquée a été trouvée entre la fréquence d’apparition et le 
degré du défaut de réexpansion pulmonaire et les conditions suivantes: présence 
d’empyéme, dureé du pneumothorax, signes radiologiques indiguant la présence 
de lésions bronchiques avant ou aprés la création du pneumothorax. 

Aucune corrélation significative n’a été établie entre la fréquence d’apparition 
et le degré du défaut de réexpension pulmonaire et les conditions suivantes: 
Age du patient, dimensions de la cavité, siége des lésions, activité de |’affection, 
densité des opacités radiologiques, durée de |’affection, durée de la cure de 
repos, précédant la création du pneumothorax, absence de brides, rapidité de 
l’oblitération des cavernes, rapidité de la disparition des bacilles dans les crachats 
et durée de la cure de repos aprés la création du pneumothorax. 

Le défaut de réexpansion du poumon et le degré de cette manifestation sont 
trés influencés par la durée du pneumothorax et ils constituent un argument 
péremptoire en faveur de la limitation de |’entretien du pneumothorax au 
minimum practicable. 
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ARTIFICIAL PNEUMOTHORAX: A STATISTICAL ANALYSIS OF 557 
CASES INITIATED IN 1930-1939 AND FOLLOWED IN 1949':? 


VI. Results in Various Selected Series of Cases 
ROGER 8. MITCHELL 
(Received for publication March 30, 1951) 


INTRODUCTION 


In a series of previous communications, a statistical analysis has been presented 
of the relationship of various pre- and post-induction factors to early and late 
results with artificial pneumothorax (1, 2) and to the incidence and causation of 
complicating empyema and unexpandable lung (3, 4). The interrelation and 
practical application of these findings are the subject of the present and final 
report of this series. 


MATERIAL AND METHODS 


Various series of cases were selected from the original group of 557 consecutive 
cases of pneumothorax. All of the patients were treated at Trudeau Sanatorium, 
and the pneumothorax was induced during the ten-year period 1930-1939 (1). 
The selected series were created by excluding those cases with one or more of 
the pre- and post-induction factors previously studied. The factors were, first, 
those found to have been associated with poor results and, second, those believed 


to exert an adverse effect on the basis of clinical experience but which were not 
found to have had a statistically significant influence when studied individually. 
A master table of all subdivisions of the various factors was helpful in planning 
these studies. A more detailed description of the source material, criteria, and 
definitions of terms is available in the first report of this series (1). 

Three methods of studying the results of tuberculosis therapy were used in 
the evaluation of these selected series: 


1. The cumulative incidence of clinical results classified as “‘poor’’ at some time between 
induction and three years after abandonment. In each case classified as ‘‘poor,’’ there had been 
failure to achieve control of the disease within the first twelve months after induction or, 
following initial control, a “‘significant’’ reactivation of disease or homolateral em- 
pyma had occurred in either or both lungs while still receiving refills, at abandonment, or 
within three years after abandonment. By “‘significant’’ reactivation of disease is meant an 
increase of disease which resulted in some form of active treatment in a sanatorium or at 
home. 

2. Incidence of homolateral tuberculous empyema occurring at any time during the ten to 
twenty years after induction of pneumothorax. 

3. Mortality from tuberculosis during the ten to twenty years after induction. 


1 From Trudeau Sanatorium, Trudeau, New York. 

? Presented, in part, before the Medical Session, as part of the Clinical Session at the 
47th annual meeting of the National Tuberculosis Association, Cincinnati, Ohio, May 
16, 1951. 
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These three factors were determined in over 100 different series of cases by 
means of mechanical sorting and tabulation of business machine punch cards. 
Only the 17 considered the most instructive of these series are presented (tables 
1-3). The mean period of observation was approximately the same for each 
series reported in the three tables. Tests for statistical significance were not 
used on the data presented in these tables. 


RESULTS OF ANALYSIS 
Pre-Induction Factors 
The three factors of “old” fibroid disease, roentgenographic evidence of 
endobronchial disease, and cavitary disease in the contralateral lung are con- 


TABLE 1 


The Individual and Combined Effects of Various Pre-Induction Factors upon Late Results 
with Pneumothoraz Therapy 


PRE-INDUCTION FACTORS EXCLUDED PNEUMOTHORAX RESULTS (PER CENT) 


“Heavy” 


= 


a 
b 
c 
d 
e 
f 
h 


= excluded. 


sidered in a group in order to simplify the presentation of data and because 
only small numbers of cases were involved in each of these three categories. 

In line “a” of table 1, the results observed in the entire 557 cases are recorded. 
Exclusion of the above-mentioned three factors from the original group (line 
“b”’) did not cause an appreciable improvement in results. 

In line “‘c,”’ cases were excluded which exhibited cavitation of 3.5 cm. or more 
(and those in which no cavity was visible on stereoscopic films). This exclusion 
caused an improvement in results. 

When the aforementioned two groups of factors were excluded simultaneously 
(line “‘d”), a further improvement in results was noted. 

The exclusion of cases with “heavy” roentgenographic shadows (line “e’’) 
produced a striking improvement over the results observed in the original 
series (line “a’’). For examples of what is meant by “light,” “medium,” and 
“heavy” roentgenographic shadows, the reader is referred to figure 2 in the first 
report of this series (1). 


| 
“Old” fibroid | 
disease; roent- | “Poor” results | 
| 53 cm. of | tuberculous | 
cavity 
| 18.5 | 
x 456 | 18.4 | 
x 337 | | | 
x x 307 | | 15.3 
x 24 | 4.7 
x x 153 | | 
x x 130 | | 88 | 
x x x 126 | Pe 
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The effect of combining the exclusion of cases showing “heavy” roentgeno- 
graphic shadows with each of the two groups previously excluded is shown in 
lines “f” and “‘g.”’ In each instance, the effect of the multiple exclusions upon 
results was more noticeable than when the exclusions were studied individually. 

The most favorable results were observed when all of the above factors were 
excluded at once (line “‘h’”’). 


Post-Induction Factors 
In line “‘a” of table 2, the results observed in the original group of 557 are 
again recorded. 


TABLE 2 


The Individual and Combined Effects of Various Post-Induction Factors upon Late Results 
with Pneumothoraz Therapy 


POST-INDUCTION FACTORS EXCLUDED PNEUMOTHORAX RESULTS (PER CENT) 


results 
“Poor ana- ‘ with pneumo- 
tomic collapse” | 4 months or more — 
but accomplished i i 
within one year 


b 
c 
d 
e 
f 


x< = excluded. 


A striking improvement is shown when cases with “poor anatomic collapse” 
are excluded (line “b”). The degree of freedom from pleural adhesions was 
estimated from single and stereoscopic postero-anterior chest films and from 
fluoroscopy reports after collapse was well established and pneumonolysis, if 
any, had been completed. A “poor anatomic collapse” exhibited either extensive 
adhesions, or adhesions of at least moderate degree, adjacent to the principally 
involved area of lung. A “probably satisfactory collapse’’ included those which 
were adhesion free, others exhibiting moderate adhesions at some distance from 
the principally involved area, and also those with one or two stringlike adhesions 
confined to this area (2). 

Cases in which the patient received less than three months of “modified” 
bed rest following induction are excluded from line “‘c’”’. “Modified” bed rest is 
defined as no less than twenty to twenty-one hours per day resting in bed or 
reclining on a chaise longue in a cottage. Full bathroom privileges, meals at a 
table in an adjoining room, and occasional necessary trips to other buildings 
were permitted. It is evident that results were actually poorer in those cases in 
which the patient received more than three months “modified” bed rest. From 
the master table, however, it was clear that those persons who received more 


} 
| | tuberculous | Tuberculosis 
| empyema in mortality in 
| | 10-20 years 10-20 years 
| 

| | | 557 | 58.8 | 18.5 22.8 
x | 220 | 43.2 | 12.3 15.9 
| 23 | 76.5 | 2.3 29.1 
ee ee | x 157 | 38.8 | 9.6 10.8 

x 157 | 33.8 9.6 7.6 5 
x x 67 | 19.0 4.5 3.0 
x x x 2 | 2.6 4.5 
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bed rest had more extensive tuberculous disease. In line “d,” however, cases 
with “poor anatomic collapse” plus those in which the patient received less 
than three months of “modified” bed rest following induction were excluded 
simultaneously. The results are superior to those noted when the type of collapse 
was considered separately (line “b’’). In other words, a relationship between 
pneumothorax results and the duration of “modified” bed rest after induction 
was demonstrable only when another factor was taken into consideration. 

The speed of attaining cavity closure and sputum “conversion” is considered 
in line “e.” The exclusion of all cases in which “clinical effectiveness” was 
delayed more than three months after induction yielded results markedly superior 
to those observed in the group as a whole. A further improvement is noted when 
cases with “poor anatomic collapse” were excluded from those achieving early 
clinical effectiveness (line “f’’). Results when all of these factors were excluded 
are shown in line “g.”’ 


Pre- and Post-Induction Factors 


While results in these highly selected series were very favorable (table 3), 
the number of cases left after the multiple exclusions was quite small. Attention 
is called in particular to the excellent results in line “e’”’. These 39 cases met 
criteria which are not over-exacting according to present-day opinion (5, 6). 


TABLE 3 
The Individual and Combined Effects of Various Pre- and Post-Induction Factors upon Late 
Results with Pneumothoraz Therapy 


| PRE-INDUCTION FACTORS EXCLUDED 


“Heavy” | Cavity of 
roentgen- | 3.5 cm. or 


raphic | more, and iden “ 
lateral cavity 


x< = excluded. 


That only 7 per cent of the entire series of cases met these criteria at first suggests 
a very restricted applicability of pneumothorax. The number of cases meeting 
those criteria could have been considerably increased, however, by use of the 
following methods. For example, an increase in the use of pneumonolysis to 
about 90 per cent (the current rate at Trudeau Sanatorium) from the actual 
figure of 26 per cent would have increased materially the number of cases with 
satisfactory collapse. Moreover, the use of bed rest for several weeks or months 
before induction probably would have yielded a lower proportion of cases with 


| PNEUMOTHORAX RESULTS (PER CENT) 
“Old” fibroid | | 
| disease; roent-| results | Incidence | Tuberce- 
collapse” | pi 3 years after ema in 10-20 
| — | abandoament years}; years 
4 | | | 557 | 58.8 18.5 | 22.8 
b x x | 8) 38.8 2.4 11.8 
c x x x | | 74 34.3 0 5.4 
d x x | _ x | 66 | 27.3 0 6.1 
e| x x | x | 0 0 
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“heavy” roentgenographic shadows. Finally, in 139 of the 224 cases with ‘‘med- 
ium” and “light” roentgenographic shadows, the patients were given less than 
three months’ “modified” bed rest after induction; this represents the most 
readily correctible factor of all. 

When the 39 cases studied in line ‘‘e’”’ were analyzed individually, the following 
features were noted: All represented moderately advanced tuberculous lesions; 
the mean diameter of cavity was 1.4 cm.; sputum positive for acid-fast bacilli 
was present in 38 before induction; in two-thirds, the disease was showing 
unfavorable changes before induction; in 20 patients disease was present in the 
contralateral lung, but in only 6 was it classified as advanced; only 6 patients 
received no bed rest before induction and the mean duration of bed rest before 
induction was 3.3 months; the mean duration of bed rest after induction was 4.4 
months. 

The correlation of the various factors was also studied by means of a master 
table. By this means, the importance of each factor was studied exclusive of 
other factors. The most interesting observations were as follows: The need of a 
collapse free of adhesions became more important as the severity of the disease 
increased. Cavity size practically lost its relationship to results when cases of 
comparable degree of roentgenographic density and type of collapse were 
studied individually. 

DISCUSSION 


After drawing conclusions from all of the statistical analyses in this study 
(1-4, 7), guiding rules for the administration of pneumothorax are suggested as 
follows: 


Selection of cases for pneumothoraz: 

1. The roentgenographic shadows of the disease to be treated should be light, 
“fluffy,” and scattered rather than heavy, dense, or grossly confluent. 

2. The extent of destruction, as measured by (a) extent of cavitation; (b) 
extent of presumed caseation; and (c) degree of contraction resulting from old 
disease, obstructive factors, or both, is a much more reliable guide in the selection 
of cases for pneumothorax than is cavity size alone. 

3. Location of disease need play only a minor role in the selection of cases for 
pneumothorax. 

4. Some contraindications to the use of pneumothorax are: (a) old fibroid 
disease, (b) cavity in the contralateral lung, (c) any clinical or roentgenographic 
evidence of major bronchial obstruction. 


It is logical to use at least two or three months of bed rest prior to induction 
of pneumothorax because in some cases the patient will show sufficient improve- 
ment to preclude the necessity of pneumothorax; in others the lesions will clear 
sufficiently to reduce the hazard of empyema. In addition, the preliminary use of 
chemotherapy in well-selected cases may be expected to reduce the hazards 
associated with the “heavy” roentgenographic shadows. 

Upon the basis of current experience, and not as a result of the findings in this 
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study, there is greater danger of pleural complications when pneumothorax is 
used to treat peripherally located cavities. 

In regard to the management of pneumothorax, it appears on the basis of the 
results of the present study that: 


1. Free anatomic collapse should be achieved or the pneumothorax aban- 
doned. 

2. Sudden persistent contraction and airlessness of a lobe or lung soon after 
induction is strong indication for the abandonment of pneumovhorax and con- 
sideration of thoracoplasty. 

3. If cavity closure and sputum “conversion” do not occur within three to four 
months, abandonment and alternative forms of treatment should be seriously 
considered. 


While these conclusions are based upon the findings of the study, certain 
additional rules of management are worthy of comment on the basis of current 
experience with pneumothorax. 

In the first place, the above comments with regard to anatomic freedom from 
adhesions may not be applicable when the adhesions are confined to the area 
between the lower lung and diaphragm. 

To achieve a good anatomic collapse, thoracoscopy (often multiple) will be 
required in approximately 90 per cent of cases. 

Sudden and persistent contraction and airlessness of lung soon after pneumo- 
thorax induction will occur very rarely when cases are carefully selected according 
to the criteria outlined under “Selection of Cases for Pneumothorax.” 

When bronchoscopy has been performed, pneumothorax should not be used 
in the presence of fibrostenosis of a major bronchus. In the presence of a granu- 
lating or ulcerative process in a major bronchus, with or without stenosis, 
pneumothorax should be postponed until after a good response has been obtained 
with chemotherapy. 

Pneumothorax should be followed by at least three months of bed rest after 
induction ; exercise probably should be withheld until three to five months after 
cavity closure. 

The duration of pneumothorax is best computed from the date of achievement 
of cavity closure, sputum “conversion,” and relief of symptoms, and continued 
for eighteen to thirty-six months after that date, the exact time depending upon 
the extent and severity of the original lesion. 

Abandonment of pneumothorax should be considered seriously if fluid sufficient 
to hide the hemidiaphragm continues to form for a month or longer. Abandon- 
ment and prompt obliteration of the pneumothorax space is strongly indicated 
at the first sign of cloudy (purulent) fluid or bacteriologic evidence that the 
fluid is infected. 

SUMMARY 


Criteria for the selection of cases for and management of therapeutic pneumo- 
thorax were derived from an analysis of statistical data from 557 cases of pneumo- 
thorax. 


| 
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When patients with pulmonary tuberculosis are well selected and are given 
pneumothorax which is well managed, the late results are highly satisfactory 
when measured by incidence of (a) initial failure and later reactivation from 
the time of induction to three years after abandonment; (b) tuberculous 
empyema; and (c) deaths from tuberculosis. 

A safe and effective method of using pneumothorax distinctly limits its 
application. 


SUMARIO 


Neumotéraz Terapéutico. Andlisis Estadtstico de 557 Casos Iniciados en 1930-1939 
y Reobservados en 1949. VI. Resultados en Varias Series Seleccionadas de Casos 
Las pautas para la seleccién de los casos y el manejo del neumotdérax fueron 

derivadas de los datos estadisticos que aparecen aqui en forma tabular y son 

discutidos. 

Cuando los casos de tuberculosis pulmonar son bien escogidos y tratados con 
un neumotérax bien atendido, los resultados tardios son altamente satisfactorios, 
al ser computados por la incidencia de: (a) fracaso inicial y reactivacién subsi- 
guiente desde la fecha de la induccién hasta tres afios después del abandono; 
(b) empiema tuberculoso; y (c) mortalidad por tuberculosis. 

La seleccién de una técnica inocua y eficaz para el empleo del neumotérax 
limita netamente la aplicacién del mismo. 


RESUME 


Pneumothoraz artificiel: Analyse statistique de 557 cas tnstaurés en 1930-1939 
et réexaminés en 1949. VI. Résultats dans diverses séries 
d’ observations sélectionnées 


Les critéres pour la sélection des cas et l’entretien du pneumothorax dérivent 
des données statistiques, ils sont présentés sous forme de tableau et commentés. 

Lorsque des cas de tuberculose pulmonaire sont bien choisis et traités par le 
pneumothorax, les résultats éloignés sont extrémement favorables du point de 
vue de la fréquence de: (a) l’échec initial et de la réactivation entre le moment 
de la création du pneumothorax et trois ans aprés son abandon; (b) de l’empyéme 
tuberculeux; (c) des décés dus a la tuberculose. 

La méthode saine et efficace qui consiste & utiliser le pneumothorax dans des 
conditions trés déterminées en limite l’application. 
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INTRODUCTION 


In 1947 a number of German workers (1, 2) instituted a clinical study of an 
experimental antituberculous drug, 4 acetylaminobenzaldehyde thiosemicarba- 
zone (TB/J698 Conteben, amithiozone), which had been synthesized by Behnisch 
and co-workers (3). The chemistry and pharmacology of this compound have 
been adequately described (3, 4). Hinshaw and McDermott (5) reviewed and re- 
ported the German experience with some 2,000 cases, based upon personal obser- 
vations during a trip to Germany in September 1949. Good therapeutic results 
were reported by the German investigators although evidences of toxicity, notably 
in the hematopoietic system, had been observed. Instances of possible hepatic 
toxicity had also been noted but had been neither well documented nor carefully 
investigated. 

A number of cases of jaundice, as well as many without jaundice but with 
aberrations in tests of hepatic function, were reported. Measures of protein 
alterations were chiefly employed. Evidences of fatty infiltration were noted on 
inspection at laparatomy during therapy and in a few cases disappeared when 
treatment was discontinued. Similar findings were noted in cases coming to 
autopsy during therapy. The dosage of amithiozone employed was, in general, 
similar to the dosage used in the present study. However, the facts that many 
patients in the German studies had received blood transfusions, plasma, and 
various parenteral medications and that mild liver dysfunction is fairly common 
in advanced tuberculosis left some doubt as to the etiology of the hepatic findings 
and their specific relation to therapy. 

The need for a careful evaluation of the therapeutic, toxic, and bacteriologic 
aspects of the drug was recognized, and in November 1949 a pilot study was 
undertaken by the Veterans Administration in cooperation with the Army and 
the Navy (6). The patients considered in the present report were included in this 
cooperative study. The primary purpose of the present paper is to report the 
specific effects of amithiozone on liver function and structure. 


METHODS 


Case material and regimen of therapy: Fourteen patients with far advanced 
pulmonary tuberculosis were selected for treatment. All were white males. Their 


‘From the Department of Medicine, University of Minnesota, and the Veterans Ad- 
ministration Hospital, Minneapolis, Minnesota. 

? Reviewed in the Veterans Administration and published with the approval of the Chief 
Medical Director. The statements and conclusions published by the authors are the result 
of their own study and do not necessarily reflect the opinion or policy of the Veterans 
Administration 

3 The amithiozone (Tibione) used in this investigation was supplied through the courtesy 
of Dr. Charles Dutchess, Medical Director, Schenley Laboratories. 
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mean age was 56 years (range, 23 to 67 years); mean weight 155 pounds (range, 
103 to 207 pounds). The treatment regimen for all patients was as follows: 50 
mg. of amithiozone daily by mouth during the first week, 100 mg. daily during 
the second week, and 200 mg. in divided doses daily thereafter for a total treat- 
ment period of 120 days. Only 3 patients in the entire group completed the full 
course of 120 days. The duration of therapy ranged from 58 to 120 days with an 
average of 100 days. The average total dosage of amithiozoné was 17.9 gm. 
(range, 8.0 to 22.3 gm.). 

Toxicity: Nausea, vomiting, and gastric distress were the most common symp- 
toms of toxicity to the drug, and nearly every patient had these symptoms at 
some time during therapy. They usually responded well to elimination of one or 
two doses or temporary reduction in magnitude of the dose. Some, however, had 
continued distress, and treatment was discontinued. None of the patients had 


clinical evidence of icterus, change in size of the liver or spleen, liver tenderness, 


pruritus, or other signs of liver disease. 
Most of the patients had been treated previously with streptomycin, Promizole, 


para-aminosalicylic acid, or combinations of these substances, without evidence 


of hepatic or hematopoietic toxicity. 


Liver function tests: A series of tests was given to each patient before treatment, approxi 
mately once every two weeks during treatment, and following treatment. Included were the 
bromsulfalein retention (BSP), 5 mg. per kg., one-minute (1B) and total serum bilirubin 

TB), thymol turbidity (TT), zine sulfate turbidity (ZT), plasma proteins (SA and SG 
cephalin cholesterol flocculation (CCF), intravenous galactose tolerance (Gal), intravenous 
hippurie acid (Hipp), 24-hour urine urobilinogen (UU), and 24-hour urine coproporphyrin 
tests. As will be shown in a subsequent communication, the coproporphyrin determination 
was found invalid as a test of liver function in these patients and is not considered further 
in this report. The hippuric acid and galactose tests as well as an equal number of the brom 
sulfalein tests were performed simultaneously as a combined intravenous bromsulfalein 
hippuric acid-galactose test (7). Bromsulfalein was measured as per cent retention in forty 
five minutes, hippuric acid as grams excreted in one hour, and galactose as milligrams per 
100 ce. remaining in the blood at the end of sixty minutes 

Liver biopsies: Needle biopsies of the liver were performed by the intercostal approach 
in 6 patients who developed evidence of dysfunction. In 2, the biopsies were repeated 
The time of biopsy is indicated in relation to BSP test results by the asterisks in table 3 


Analysis of the data: The sample of 14 patients was subdivided into two 
groups: Group I, 8 patients who developed progressive abnormality of BSP 
during therapy; and Group //, 6 patients with no abnormality of BSP before 
or during therapy. A descriptive summary of the patients in each group is given 
in table 1. The two groups were essentially similar with respect to severity of 
disease, type of patient, duration of treatment, and amount of drug received. 
Mean serial BSP changes for the two groups were contrasted. Four of the serial 
values of each test of hepatic function were compared for Group I patients as 
follows: (A) pre-treatment value; (B) maximum abnormality during treatment; 
(C) minimum abnormality within three months of discontinuing treatment; and 
(D) values obtained four to six months after discontinuing treatment. Such 
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comparisons were not made for Group I] since none of the tests showed sig- 
nificant changes. Histologic changes in the biopsy specimens were correlated 


with changes in BSP test results. 
RESULTS 

Liver function tests: Six of the 14 patients (Group 11) showed no change on any 
of the tests. The pre-treatment values for BSP were normal for all of these 
patients, their average being 4.2 per cent. Eight patients (Group /) developed 
moderate or marked abnormality on the BSP test. The pre-treatment BSP 
values on these patients were all borderline normal or abnormal when due 
account was taken of the influence of body weight on BSP test results.‘ The 
mean pre-treatment value for Group J was 9.5 per cent, a significantly greater 
value than the corresponding mean for Group IJ (t = 3.55, P < 0.01). 


TABLE 1 


Descriptive Summary of Patients Receiving Amithiozone 


GROUP I GROUP II 
NUMBER OF NUMBER OF 
PATIENTS PATIENTS 
Mean Range Mean Range 
Age (years) 8 54 23-61 j 58 54-67 
Weight (pounds 155 109-207 5 156 103-195 
Duration of treatment (days) 100 67-120 j 100 58-120 
Dose (gm.) 9.1-22.3 17.9, 8.0-22.3 


Group I. Patients who developed progressive bromsulfalein abnormality during ther 
apy 
Group IT. Patients without bromsulfalein abnormality. 


None of the other tests showed the consistent changes of the BSP test, though 
some were significantly altered. The average results for each test at the four 
selected time intervals (A, B, C, and D) are compared in table 2 for Group I 
patients. The rise in the mean BSP value from 9.5 per cent to 26.4 per cent was 
highly significant as was the later fall to 12.1 per cent (t 2 3.10, P < 0.01 for 
comparisons of the value at B with those at A, C, or D). The patient (FKi) 
having 24.8 per cent retention at interval D developed severe liver dysfunction 
concomitant with general deterioration of his physical state four months after 
treatment was stopped. If his value is omitted, the mean BSP retention for the 
group at interval D is 10.1 per cent with a range of 5.7 to 18.7 per cent. The 
only other tests showing significant average changes were the one-minute 
bilirubin (1'B), total serum bilirubin (TB), and the 24-hour urine urobilinogen 
(UU). In comparing the value at interval B with those at A, C, or D, the smallest 
mean difference for the 1'B was0.11 mg. per 100 ec., (t 2 2.36, P < 0.05), and for 

‘With present laboratory methods utilizing a photoelectric colorimeter and omitting 
protein precipitants, most normal obese individuals have bromsulfalein scores of 6 to 12 


per cent if 5 mg. per kg. is injected. Most underweight individuals have scores of 1 to 5 
per cent. The correlation of bromsulfalein retention and body weight in normal sub 


jects is 0.46 (8) 
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TABLE 3 
Serial Bromsulfalein Values Obtained During and After Treatment 


WEEKS AFTER DISCONTINUING 


WEEKS OF TREATMENT 
TREATMENT 


PATIENT 


Group I: RYo 
16.5 


16.1 


Mean 
Group IT: OWe 
ABr 
DCo 
ESw 
HGr 
CSt 


Mean 


* A liver biopsy was obtained within one week of these BSP determinations 
t Omission of patient FKi results in a mean value of 10.1 per cent (see text). 


Group I 


——9 Group I 


Bromsulfalein, percent 


10 
Weeks After 
Treatment Discontinuing Treatment 
Fie. 1. Average serial bromsulfalein values during and after treatment 
Group I. Patients developing progressive bromsulfalein abnormality during therapy. 
Group II. Patients without bromsulfdlein abnormality. 


the TB was 0.5 mg. per 100 ee. (t 2 2.76, P < 0.02). The corresponding smallest 
mean difference for the urine urobilinogen test was 3.6 mg. per day (t = 3.42, 
P < 0.01). 
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0 4-5 8-9 13 16-17 | 1-3 + 7-9 | 12-20 
2.4/| 4.2 7.8 
15.6 | 12.6 | 12.5 | 13.2 
3.5 5.7 
FKi 7.2 6.5 8.5* 16.5* - 9.5 - 12.0 | 24.8 
OFr 12.7 7.1 | 21.3 | 11.5* 8.1 | 18.7 
JINi 6.0 20.8 | 20.3 13.2* 17.1 9.5 9.0 5.7 
GMi 7.9 | 17.5 | 35.0%) - 5.9 3.9* 5.0 6.6 
RSe 13.7 | 18.2 | 14.5% 14.7 . 11.4 9.5 14.4 
9.5 | 18.2 21.6 | 16.4/ 16.6 9.4) 6.9) 8.5 12.1f 
6.1! 6.4) 4.7 3.9 
5.0; 8.3| 7.0] 4.3) - 
3.5| 4.0] 2.1] 4.3 1.5 
2.5| 3.5| 3.5 3.5 
5.0) 3.4] — 3.5 
4.2 5.1 3.9 4.2 — 3.9 
zs} | 
| } 
| | 
| | 
| 
| 
10 | | 
| | 
| | 
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Fig. 2. Liver tissue obtained by biopsy of patient RYo, fifty-seventh day of amithiozone 


therapy (X350). Moderate fatty metamorphosis. 
Fic. 3. Liver tissue obtained by biopsy of patient JNi, ninety-eighth day of amithiozone 


therapy (350). Moderate fatty metamorphosis 
Fic. 4. Liver tissue obtained by biopsy of patient GMi, sixty-seventh day of amithiozone 


therapy (<350). Moderately severe fatty metamorphosis 
Fic. 5. Liver tissue obtained by biopsy of patient GMi, thirty-first day after discon- 
tinuing amithiozone therapy (X350). Mild fatty metamorphosis 
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Serial BSP values obtained before, during, and after treatment on each patient 
are listed in table 3. The rapidity with which BSP retention increased in pa- 
tients of Group I was variable. In all patients, however, the values rapidly 
returned to the pre-treatment level once therapy was discontinued. By contrast, 
the patients of Group II show very little change with therapy. The average 
changes in BSP retention are contgasted in figure 1. The possibility of a slight 
“rebound phenomenon”’ shortly after stopping treatment in Group J patients 
suggests itself. 

Liver biopsies: Needle biopsies were obtained on all of the patients in Group I 
except 2 in whom biopsy was contraindicated. No biopsies were attempted on 
the patients in Group I] since there were no changes in the function tests. The 
time of biopsy in relation to the BSP test values is indicated by the asterisks in 
table 3. Tissues obtained from all biopsies presented the same histologic ap- 


TABLE 4 
Histologic Findings in Relation to Time of Biopsy and Bromsulfalein Abnormality 
BROMSU LFALELN 
RETENTION BE 


FORE TREAT 
MENT 


BROMSU LFALEIN 
PATIENT ne on DAY OF BIOPSY DEGREE oF FM* RETENTION AT 
TIME OF BIOPSY 
per cent per cent 
Moderate 6.7 
Minimal 8.! 7.2 
Moderate 16.! 


Moderate 
Moderate 


Mod. severe 
Mild 


RSe 2 56 Mild 
* Fatty metamorphosis rated as minimal, mild, moderate, moderately severe, or severe 


pearance of fatty metamorphosis in varying degree. There was no appreciable 
evidence of liver cell damage, necrosis, infiltration, fibrosis, or tubercle formation. 

The degree of fatty change was related to the extent of functional impairment. 
The tissue of patient RYo, obtained by biopsy on the fifty-seventh day, showed 
moderate fatty infiltration (figure 2). His BSP at approximately the same time 
was 41.5 per cent. FKi was first biopsied on the sixty-first day of treatment, at 
which time the specimen showed only minimal fatty change. The BSP values 
were at the pre-treatment level although abnormal. On the ninety-third day the 
biopsy was repeated, and the specimen thus obtained showed mild to moderate 
fatty metamorphosis. The BSP retention had risen to 16.5 per cent. Patient 
OFr completed 120 days of treatment, and still had moderate fatty meta- 
morphosis on the twentieth post-treatment day. The BSP at this time was 11.5 


per cent, which approximated the pre-treatment level in this patient. 


OFr 120 140 a 11.5 12.7 
JNi 120 98 13.2 6.0 
GMi 67 67 P| 35.0 7.9 
98 3.9 
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Patient JNi was biopsied on the ninety-eighth day of treatment, at which 
time sections showed moderate fatty metamorphosis. The BSP of 13.2 per cent 
at this time was in contrast to a pre-treatment value of 6.0 per cent (figure 3). 
Two biopsies were obtained on patient GMi. The specimen of the first biopsy 
(figure 4), performed on the day his treatment was stopped (sixty-seventh day), 
revealed moderately severe fatty change; BSP at this time was 35.0 per cent. 
On the thirty-first day after stopping treatment a repeat biopsy yielded tissue 
which showed only mild fatty change (figure 5). The BSP at this time was 3.9 
per cent. Patient RSe had mild fatty metamorphosis in a biopsy specimen 
obtained on the fifty-sixth day of treatment. The BSP retention at this time was 
14.5 per cent, essentially the same as the pre-treatment value of 13.7 per cent. 
These comparisons are summarized in table 4. 


DISCUSSION 


The toxic effect of amithiozone on the liver is best represented by changes in 
BSP retention. This might have been anticipated since this test is one of the 
most sensitive measures of hepatocellular dysfunction available. Increasing 
retention of BSP in those patients receiving amithiozone appears dependent 
upon the presence of pre-existing damage to the liver. Progressive abnormality 
with therapy occurred only in those patients with initially borderline or abnormal 
BSP tests. 

Other series of patients treated with amithiozone have been reported in which 
various liver function tests have been performed. Multiple tests have not been 
used systematically, however, and reliance has been placed most frequently on 
less sensitive tests, especially tests of altered proteins. This may account for 
some failures to find abnormalities, even though much larger doses of amithio- 
zone were employed. An accumulation of isolated, inadequately controlled 
observations by the German investigators has led to the correct belief that the 
drug causes or accentuates liver dysfunction. Nevertheless, lack of documenta- 
tion left open the possibility that the changes observed were due to other factors 
such as the underlying tuberculosis, nutritional deficiencies, or serum-transmitted 
hepatitis. The results of the present study suggest that the presence of underlying 
dysfunction, whether on a nutritional or tuberculous basis, is necessary before 
toxic effects of amithiozone in the dosage used will become manifest. This has 
been borne out in a second sample of 9 patients under treatment. Eight had pre- 
treatment BSP values of 1.5 to 6.0 per cent (mean, 3.7 per cent), and none have 
shown increases with therapy. The BSP of the ninth patient with a pre-treatment 
value of 12.5 per cent rose to a maximum of 35 per cent during therapy. 

The production of fatty metamorphosis by amithiozone seems quite clear 
when the histologic evidence of the few cases reported here is interpreted in the 
light of the gross observations of the German investigators (2). Extraneous 
causes of fatty liver, such as alcoholism or marked malnutrition, were not 
factors to be considered in our patients. 

Fatty metamorphosis in the liver is reported as a fairly common finding at 
autopsy in patients dying of pulmonary tuberculosis (34 to 42 per cent). Poor 
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food intake in the terminal phase of the illness with consequent severe malnu- 
trition is very likely a factor of importance in the production of this change. 
Few histologic studies have been made of the liver in nonfatal cases of tubercu- 
losis. A recent study of material obtained by needle biopsies of 70 tuberculous 
patients indicated that fatty metamorphosis, found in 20 per cent, was unrelated 
to the tuberculosis per se but rather to alcoholic consumption and inadequate 
diet (9). 

Bohm (10) noted gross evidence of fatty liver at intercurrent laparotomy or 
laparoscopy in all patients so examined who had received amithiozone for more 
than 10 weeks. Biopsy of the liver was done in 2 cases requiring abdominal 
surgery at the seventy-third and ninety-fifth days of therapy, respectively, and 
revealed extensive fatty infiltration on study of the sections. Biopsy study at 
other intervals was not done in any of his cases, although laparotomy in a few 
instances after cessation of therapy revealed a normal gross appearance of a liver 
which had previously shown fatty changes during therapy. Animal studies have 
revealed toxic effects on the liver, both functionally and structurally, but only 
with markedly higher dosage by body weight than the doses used in man (11, 12). 

In the present group of patients the degree of fatty change was correlated 
with abnormality of the BSP test. The effect of amithiozone or its withdrawal 
or both, was illustrated in specific instances. The exact mechanism of action of 
amithiozone on the liver is unknown. Wiesener (13) has noted an inhibition of 
respiration and glycolysis in mouse liver slices exposed to an amithiozone con- 
centration of more than 10 per cc., using the Warburg apparatus. Methionine 
appeared to have a protective effect on the liver cell in this study. Whatever the 
changes, they appear reversible and subside quickly with cessation of therapy. 
There is no evidence of cumulative or continued effect. Three patients (ESI, 
OFr, and JNi) were maintained on therapy at full dosage for 120 days despite 
elevation of BSP in all and evidence of fatty change in two. As in the other 
patients, the BSP values returned to pre-treatment levels within two weeks of 
discontinuing therapy. The possibility of permanent histologic changes in the 
liver occurring with prolonged treatment in the face of known dysfunction and 
fatty metamorphosis cannot be ignored. 

In the writers’ experience, the fear of toxic effects on the liver need not be a 
deterrent to the use of amithiozone, provided sensitive tests of hepatic function 
are employed prior to treatment to eliminate patients with existing dysfunction 
and, especially during treatment, to detect early any additional instances of 
hepatic damage. The reduction in dosage to a daily maximum of 100 mg. now 
generally recommended should further minimize possible toxic effects during 
therapy. 

SUMMARY 

Progressive liver dysfunction was observed in 8 of 14 patients receiving 
amithiozone in the treatment of pulmonary tuberculosis. This effect was noted 
only in patients with evidence of pre-existing hepatocellular dysfunction. 

Bromsulfalein retention was the best index of progressive hepatic damage. 
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Fatty metamorphosis was the only histologic change observed in tissue ob- 
tained by biopsy of those patients showing progressive functional abnormalities 
due to the drug. The degree of fatty change was correlated with the relative 
degree of abnormality of the bromsulfalein retention test. 

The toxic effects of amithiozone upon the liver appear to be reversible and to 
regress rapidly upon cessation of therapy. 


SUMARIO 
La Toxicidad Hepdtica de la Amitiozona 


En 8 de 14 enfermos que recibieron amitiozona para el tratamiento de la tuber- 
culosis pulmonar observése disfuncién hepdtica evolutiva. Ese efecto sdlo fué 
notado en los que tenfan signos de disfuncién hepatocelular preexistente. 

La retencién de bromsulfaleina constituyé el mejor indice de lesidn hepatica 
evolutiva. 

La metamérfosis adiposa fué la dnica alteracién histolégica observada en el 
tejido obtenido por biopsia de los enfermos que mostraban anomalias progresivas 
de la funcién debidas a la droga. La intensidad de la degeneracién grasa se 
correlacioné con el relativo grado de anomalia acusado por la prueba de la re- 
tencién de bromsulfaleina. 

Los efectos téxicos de la amitiozona sobre el higado parecen ser reversibles y 
retroceder rA4pidamente al suspenderse la terapéutica. 


RESUME 
Toxicité hépatique de l’amithiozone 


Des troubles hépatiques progressifs se sont développés chez 8 des 14 malades 
traités par |’amithiozone pour tuberculose pulmonaire. Cet effet n’a été observé 
que chez les sujets présentant une lésion préexistante de la cellule hépatique. 

La rétention de bromosulfaléine est le meilleur indice de |’altération de la 
cellule hépatique. 

Histologiquement la lésion observée, aprés biopsie, sur les patients montrant 
un dysfonctionnement hépatique dQ a cette thérapeutique était une métamor- 
phose graisseuse. Le degré de la dégénérescence graisseuse allait de pair avec le 
degré de la rétention dans le bromsulfaléine-test. 

Les effets toxiques de l’amithiozone sur le foie se montrent réversibles et ré- 
gressent rapidement A |’arrét de la thérapeutique. 
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INTRODUCTION 


The treatment of tuberculosis with a new agent, 4-acetylaminobenzaldehyde 
thiosemicarbazone (amithiozone), was first investigated in Germany prior to 
1948 (1, 2, 3). A survey by Hinshaw and McDermott (4) of approximately 
2,000 patients so treated led to the recommendation that the drug be evaluated 
in this country. 

The present study, a part of the investigative program of the Veterans Ad- 
ministration, was undertaken to test the therapeutic effect of amithiozone alone, 
and in combination with streptomycin, on the course of pulmonary tuberculosis 
in a group of hospitalized patients. The sensitivity toward both amithiozone and 
streptomycin of the strains of M. tuberculosis isolated from the patients was 
determined before, during, and after the course of therapy. The laboratory 
methods recommended by the Laboratory Subcommittee, Committee on Thera- 
peutic Agents, Veterans Administration, were used in evaluating the effects of 
treatment upon the bacteriologic status of the patients and the sensitivity of 
the organisms toward the drugs employed. 


METHODS OF STUDY 


Selection of patients: Following an observation period of one month or longer, 
21 patients were chosen whose pulmonary tuberculosis was proved by demon- 
stration of M. tuberculosis in the sputum or gastric washings and whose disease 
roentgenographically had shown no improvement or had become worse. At the 
time treatment was begun, 5 of the patients had moderately advanced disease 
and 16 had far advanced disease. According to roentgenographic interpretation, 
3 patients had predominantly exudative lesions, 2 predominantly productive, 
and the remaining 16 mixed exudative-productive lesions. Pulmonary cavitation 
was present in 16 patients, with a single cavity in 7 and multiple cavities in 9. 
All 21 patients (19 white, 2 Negro) were males. Seven were in the third, 7 in the 
fourth, 3 in the fifth, 2 in the sixth, and one each in the seventh and eighth 
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decades of life. The youngest patient was 22 years old and the oldest 75 (tables 
1 and 2). 

Regimen of treatment: The method of administration and the dosage of each 
drug were those recommended by the Committee on Therapeutic Agents of the 
Veterans Administration. Ten patients received amithiozone alone. The initial 
dose was 50 mg. given orally each day during the first week. The dose was then 
increased by 50 mg. weekly until a dose of 200 mg. per day was reached by the 
beginning of the fourth week. This dose was continued until 120 days of therapy 
had been completed. Thus, each patient who completed a course of treatment 
received 14.7 gm. of amithiozone. 

Eleven patients, chosen alternately, were given combined treatment: ami- 
thiozone, as outlined above and, in addition, streptomycin, 1 gm. daily in one 
intramuscular injection during the entire period of treatment. 


Clinical management: The usual hospital routine, including complete bed rest with one 
bathroom privilege daily, was maintained during the course of drug therapy. Collapse ther- 
apy, if it had been instituted prior to drug administration, was continued without change. 
In every patient, prior to treatment, an evaluation was made of the functional status of 
the kidneys, liver, and hematopoietic system. Similar studies were made at planned inter- 
vals during the course of drug treatment and were continued for two months following 
completion of therapy. Hemoglobin determinations, erythrocyte, leukocyte, and differen- 
tial counts, and urinalyses were performed every week. Once every two weeks the sputum 
or gastric washings were collected for bacteriologic studies, and the erythrocyte sedimenta- 
tion rate was determined by Wintrobe’s method. The following determinations were made 
every four weeks: blood urea nitrogen, total serum proteins with albumin-globulin ratio, 
serum bilirubin, urinary urobilinogen, bromsulfalein, cephalin-cholesterol-flocculation, 
thymol-turbidity tests, and roentgenographic evaluation of the lesions by means of 
teleoroentgenograms and stereoscopic films. 

Bacteriologic studies: At intervals of two weeks during treatment and for two months 
following treatment, sputum or gastric washings were cultured for M. tuberculosis. The 
freshly isolated cultures were subsequently tested for sensitivity to amithiozone and to 
streptomycin. 

Sputum was collected in 10-milliliter specimens in wide-mouthed sterile bottles and 
homogenized by addition of an equal volume of 4 per cent sodium hydroxide (NaOH), 
followed by shaking in a Kahn shaker for thirty minutes. After one hour of incubation at 
37°C., the sputum was centrifuged at high speed for ten minutes. The supernatant fluid 
was discarded and the sediment neutralized by N/10 hydrochloric acid (HCl) containing 
10 per cent phenol red indicator, and the pH was adjusted to 6.8 with N/10 HCl or N/10 
NaOH. The neutralized specimen was inoculated upon two slants of Léwenstein’s medium 
(modified) and two slants of American Trudeau Society (ATS or Committee) medium. 
The slants were always freshly prepared just before use and had been coagulated by inspis- 
sation before autoclaving. Fresh specimens of the fasting gastric contents were similarly 
prepared and inoculated. All cultures were incubated at 37°C. for eight weeks before being 
pronounced negative. 

Drug-sensitivity tests: The procedures used for sensitivity tests were those recommended 
by the Laboratory Subcommittee on Therapeutic Agents of the Veterans Administration 
(5, 6). Slants of ATS medium, to which, before coagulation, streptomycin or amithiozone 
in known amounts had been added, were used for the sensitivity determinations. Slants 
containing 3.5, 10, and 100 y per ml. of streptomycin and a similar series containing 1, 5, 
10, and 50 y per ml. of amithiozone were employed. A control tube of the same medium 
with no drug added was included in all tests. In the amithiozone series another control tube 
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of ATS medium containing only the solvent for amithiozone (3 per cent propylene glycol) 
was used. All inoculations to these tubes were made from broth emulsions containing 0.02 
per cent Tween 80 prepared from the primary cultures. In most instances the same emul- 
sion was used for the simultaneous inoculation of cultures for both the streptomycin and 
the amithiozone sensitivity. Regardless of whether a patient was receiving amithiozone 
alone or amithiozone combined with streptomycin, sensitivity tests to both drugs were 
performed from every positive culture that showed sufficient growth. The amount of growth 
on each of the test slants was estimated at regular intervals and the final interpretation 
was made after thirty-five days’ incubation. The amount of growth on each individual tube 
was recorded according to the code (VA Form No. 10-9310) recommended by the Veterans 
Administration as follows: No growth was designated by 0, less than 50 colonies by A, 50 
to 200 colonies by B, innumerable colonies by C, and confluent growth by D. 


RESULTS 
Therapeutic Evaluation 

The data concerning the patients treated with amithiozone alone are listed in 
table 1 and of those who received the combined therapy in table 2. As shown in 
these tables all patients completed 120 days of drug therapy with the exception 
of 4 treated with amithiozone alone and 5 given amithiozone and streptomycin. 
In these 9 patients, treatment was discontinued because of toxic manifestations 
or worsening of the disease on roentgenographic examination or both. One of the 
9 patients was treated for ninety days, 5 for sixty days, and the remaining 3 for 
thirty days. 

Roentgenographic evaluation: Among the 10 patients treated with amithiozone 
alone, the lesions in 5 improved by roentgenographic criteria, and in the remain- 
ing 5 became worse. In all 11 patients treated with amithiozone and streptomy- 
cin the lesions improved according to roentgenographic interpretation. 

Sputum: Among the patients treated with amithiozone and streptomycin, the 
amount of sputum produced decreased with more regularity than in those 
treated with amithiozone alone. 

The number of instances in which both smears and cultures of sputum became 
consistently negative for tubercle bacilli were few. In one patient treated with 
amithiozone, smear and culture of sputum concentrates became negative but 
cultures of gastric washings remained positive for M. tuberculosis. In 2 patients 
both the sputum concentrate and the gastric washings became negative for M. 
tuberculosis on culture. In one patient who received the combined therapy, all 
cultures of sputum concentrates became negative; however, the culture of con- 
centrates of gastric washings remained positive for M. tuberculosis. 

Weight: None of the patients receiving amithiozone alone gained weight and 7 
of 10 lost weight. All but 3 of the patients treated with amithiozone and strep- 
tomycin gained from six to forty-five pounds during therapy. One obese patient 
was placed on a reducing diet, and one developed partial intestinal obstruction 
during treatment. 

Fever: The temperature elevations returned to normal levels more rapidly in 
the group treated with amithiozone and streptomycin than in the group treated 
with amithiozone alone. Subjective symptoms of well being were noted more 
regularly in the patients on combined therapy. 
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TABLE 1 
Patients Treated with Amithiozone Alone 
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Erythrocyte sedimentation rates: In the group treated with amithiozone alone, 
there was a decrease in the erythrocyte sedimentation rate in 8 patients and an 
increase in 2. In the group treated with amithiozone and streptomycin, sedimenta- 
tion rates decreased in 7, increased in 2, and did not change in the remaining 2 
patients. There was no detectable correlation between the erythrocyte sedimenta- 
tion rates and the clinical course in either group of patients. 

Bacteriologic Findings 

Primary cultures: A total of 310 sets of primary cultures were made from 235 
specimens of sputum and 75 gastric concentrates. Among these, 163 yielded a 
growth of M. tuberculosis. The colonies appeared in substantially equal numbers 
on both kinds of media. It seemed that the growth was somewhat easier to 
observe and that the characteristics of the colonies were more distinctly evident 
on the Léwenstein medium slants than on the ATS medium. Contamination 
with organisms other than M. tuberculosis was encountered in only approximately 
0.5 per cent of the whole group of primary cultures. 

The majority of patients continued to excrete viable tubercle bacilli through- 
out the course of treatment. In several patients, however, after two to three 
months of drug therapy, positive cultures were obtained only intermittently; 
whereas previously, tubercle bacilli had been isolated with regularity. Acid-fast 
organisms in direct smears of concentrates were reported, on occasion, when 
cultures from the same concentrates were negative for M. tuberculosis. In several 
such instances, after cessation of drug treatment, M. tuberculosis could again be 
cultivated from the sputum or gastric washings. In 4 patients, 3 of whom (H. 
C., W. H., W. E. W.) received amithiozone alone and one (J. A. W.), amithiozone 
and streptomycin, all cultures of sputum concentrates became negative approxi- 
mately three months after treatment started; however, the cultures of concen- 
trates of gastric washings remained positive for M. tuberculosis in 2 patients 
(J. A. W. and W. E. W.). 

Drug-sensitivity tests: Approximately 250 sets of cultures were made to test 
the susceptibility of the primary cultures to amithiozone and to streptomycin. 
Among the entire group of 21 patients, there were 3 (I. H., G. R., and R. M.) 
whose sputum contained M. tuberculosis resistant to streptomycin in vitro at 
the beginning of treatment, i.e., the organisms grew readily on ATS medium 
containing 100 y of streptomycin per ml. Two of these patients were among 
those treated with amithiozone alone; the other patient received the combined 
therapy. No change in the results of the sensitivity tests with either drug occurred 
during the period of treatment. 

At the start of therapy the remaining 17 patients were discharging strains of 
M. tuberculosis which were inhibited completely or almost completely (i.e., 
there was no growth or <50 colonies) on the medium containing 3.5 7 of strep- 
tomycin per ml. and on that containing 1 to 5 7 of amithiozone per ml. In 3 of 
the patients treated with amithiozone alone, the emergence of strains of M. 
tuberculosis having an increased resistance to this drug was observed. This was 
evident in one patient (N. B. C.) in two months and in 2 others (T. J. L. and 
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B. M.) after three months of treatment. In each of these patients the organisms 
became capable of multiplying in medium with 10 to 50 7 of amithiozone per 
ml. and the growth was as luxuriant as that which occurred on the control slants. 
These strains appeared to represent true examples of the emergence of amithi- 
ozone-resistant strains of M. tuberculosis. 

In the cultures isolated from the group of patients receiving the combined 
treatment, no change in sensitivity toward either amithiozone or streptomycin 
was observed. As noted above, however, cultures did not remain consistently 
positive in all of the patients, and therefore it was not always possible to carry 
out sensitivity tests on strains from patients late in the treatment period or 
after cessation of treatment, as was desired. In 5 patients, however, all of whom 
received the combined amithiozone and streptomycin therapy, a sufficient num- 
ber of tests were made so that it can be stated with certainty that no cultures 
resistant toward either drug were obtained at any time during the entire period 
of observation. 


MANIFESTATIONS OF DRUG TOXICITY 


Gastrointestinal: In 10 of the 21 patients, one or more of the following symptoms 
developed: anorexia, nausea, vomiting, cramping, and diarrhea. In 4 of the 10 
patients, amithiozone was discontinued because of the severity of gastrointestinal 


symptoms. 
Hematologic: Severe granulocytopenia appeared during the first month of 


treatment in one patient treated with amithiozone alone. Although the total 
leukocyte count and the percentage of granulocytes returned to normal after 
the drug was discontinued, the patient died. It was believed that the granulo- 
cytopenia may have contributed to the fatal outcome. Hemolytic anemia de- 
veloped in 2 patients during the third and fourth months of treatment. Dis- 
continuance of the drugs resulted in rapid return of the blood findings to normal 
values. One patient on amithiozone and streptomycin developed a marked re- 
duction in the erythrocyte count and the concentration of hemoglobin without 
evidence of hemolysis. When the drugs were discontinued the blood findings 
returned to normal values. 

Renal: Among the patients treated with amithiozone alone, 6 developed 
disturbance of renal function. All 6 had an increased blood urea nitrogen and 
4 of these also had albuminuria from a faint trace to 2 plus. Two of these patients 
had erythrocytes and leukocytes in the centrifuged urinary sediment. In 4 of the 
6, signs of disturbed renal function disappeared after completion of treatment. 
One patient maintained a persistent elevation of the blood urea nitrogen to 
almost twice normal values. In the other patient the follow-up observations 
were inadequate. Among the patients treated with amithiozone and streptomy- 
cin, 5 developed disturbance of renal function with increased blood urea nitrogen, 
and albuminuria was present in 3. In every instance these findings returned to 
normal after treatment was discontinued. 

Hepatic: In the group treated with amithiozone alone, 6 patients developed 
some impairment of hepatic function which disappeared when the drug was 
discontinued. In the patients treated with both amithiozone and streptomycin, 
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5 developed hepatic impairment. In 4 of these, the tests returned to pretreatment 
values after treatment was discontinued; in one, the follow-up was inadequate. 
The bromsulfalein test most frequently revealed impaired function. Thymol 
turbidity and cephalin-cholesterol-flocculation tests less frequently varied from 
normal values. 


NECROPSY FINDINGS 


The pertinent clinical observations and findings at necropsy on the 4 patients 
treated with amithiozone or amithiozone and streptomycin who died are briefly 
summarized. 


Case 1. C. A. 8., a 61-year-old farmer (R-4133), was admitted to the Veterans Adminis- 
tration Hospital, Houston, Texas, on January 15, 1950, with the complaints of cough, weight 
loss, nausea, vomiting, and diarrhea of approximately five days’ duration. Roentgenograms 
of the chest revealed bilateral pulmonary tuberculosis with cavitation. At this time the 
erythrocyte count was 2.3 million per cu. mm. with a hemoglobin concentration of 10 gm. 
per 100 cc.; the total leukocyte count was 5,000 per cu. mm. with a normal differential count. 
Several blood transfusions were given. Four days later the erythrocyte count was 4.5 mil- 
lion per cu. mm. with hemoglobin concentration of 13 gm. per cu. mm.; the total leukocyte 
count and differential count were normal. Treatment with amithiozone, 50 mg. daily, 
was given for one week and the dose was then increased by 50 mg. each successive week. 
By February 8, 1950, he was receiving 200 mg. of amithiozone each day. Other medications 
given were Seconal, 0.1 gm., from January 21 to February 16, a total of 19 capsules; and 
Sodium Luminal, 0.2 gm., on February 17 and 0.1 gm. on February 18. There were no other 
medications administered. During the second week on the full amithiozone dosage, the 
patient’s temperature fluctuated between 101° and 102°F. On February 16 the total leuko- 
cyte count revealed 1,300 cells per cu. mm. with 3 per cent granulocytes. The administra- 
tion of amithiozone was discontinued. On February 18, the patient had a chill with a rise 
in temperature to 106°F. The total leukocyte count was 1,000 per cu. mm. with 3 per cent 
granulocytes. By February 19 the temperature had decreased to 100°F. and the patient 
appeared to be improving. The next day the total leukocyte count was 1,200 per cu. mm. 
with 5 per cent granulocytes. On February 21 the patient’s condition became worse. The 
total leukocyte count at this time was 4,500 per cu. mm. with 50 per cent granulocytes. 
The following morning he died. 

At necropsy (N-32-50) there were dense fibrous adhesions about the apex of the right 
lung. The rest of the pleural cavity contained 150 cc. of orange-brown fluid; the left pleural 
cavity was completely obliterated by dense fibrous adhesions. The right lung weighed 
1,050 gm. and was crepitant throughout. The left lung weighed 1,000 gm. In the apex of its 
upper lobe there were two cavities; the larger was 3 cm. in diameter, with a ragged gray- 
white lining. Scattered throughout the pulmonic tissue were raised, firm, yellow areas up 
to 0.5 cm. in diameter. The liver weighed 2,100 gm. and the cut surfaces were mottled light 
and dark brown. There was no gross tuberculous involvement of the gastrointestinal tract, 
spleen, suprarenal glands, kidneys, genital organs, brain, and skeleton. 

On microscopic examination, the wall of the cavity in the left lung was lined by a necrotic 
debris bordered by granulation tissue and fibrous connective tissue infiltrated with large 
mononuclear cells, epithelioid cells, and occasional giant cells of the Langhans type. Else- 
where, large and small areas of caseation necrosis were bordered by epithelioid cells and 
many giant cells. In other parts, over extensive areas, fibrin filled the air spaces containing 
erythrocytes or their ghosts and many neutrophilic granulocytes. The septa were broad 
and had a narrow zone of hyalin-like lining. There was intimal thickening with hyalin 
change in the media of blood vessels and narrowing of their lumina. Occasional lumina 
appeared to contain thrombi. In the liver, dilation of the central veins and nearby capil- 
laries was noted. Many of the liver cells contained medium-sized and large vacuoles. 
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Case 2. G. R., a 54-year-old Negro (R-820), was admitted to the Veterans Administration 
Hospital, Houston, Texas, on May 17, 1949, with the diagnosis of far advanced pulmonary 
tuberculosis with bilateral cavitation and endobronchial involvement. He received several 
courses of streptomycin and para-aminosalicylic acid. The clinical course was steadily 
downhill. He was started on amithiozone on January 12, 1950. The downhill course con- 
tinued clinically as well as roentgenographically. There was no unusual reaction to the 
amithiozone. He died on March 13, 1950. 

At necropsy (N-48-50), both pleural cavities and the pericardial cavity were partly oblit- 
erated by fibrous adhesions; the latter contained 300 cc. of clear straw-colored fluid. The 
right lung weighed 1,250 gm. There was a multilocular cavity replacing most of its upper 
lobe. Smal! caseous areas up to 1.5 cm. in diameter with cavitation were seen also in the 
middle and lower lobes. The left lung weighed 1,300 gm. There was a multilocular cavity 
in the apex of its upper lobe and one in the upper part of the lower lobe. No apparent in- 
volvement of the mediastinal lymph nodes was noted. The liver weighed 1,690 gm. and was 
light brown externally and on the cut surfaces. There was no gross involvement of the 
gastrointestinal tract, spleen, suprarenal glands, kidneys, genital organs, brain, and skel- 
eton. 

On microscopic examination, most of the tuberculous involvement in the lung consisted 
of caseous necrosis bordered by a narrow zone of epithelioid cells and a few giant cells 
of the Langhans type. Adjacent to caseous areas bordered by an infiltration with lympho- 
cytes and large mononuclear cells, many air spaces contained fibrin, erythrocytes, and many 
neutrophilic granulocytes. In the liver, the arrangement of the liver cell cords into lobules 
was indistinct in places, and many of the liver cells contained medium-sized or large vacu- 
oles and some contained golden-yellow granules. There was marked variation in the size 
of cell nuclei. There were occasional minute areas of caseation with epithelioid cells and 
a few giant cells. 


Case 3. I. D. H., a 74-year-old man (R-2544), was admitted to the Veterans Administra- 
tion Hospital, Houston, Texas, on September 27, 1949, with the diagnosis of far advanced 
pulmonary tuberculosis. Prior to admission, he had received a course of streptomycin. 
Sensitivity studies disclosed resistance of his strain of M. tuberculosis to streptomycin. 
He was given amithiozone from January 11 until March 26, 1950, when the drug was dis- 
continued because of anorexia, nausea, vomiting, and hemolytic anemia. His condition 
continued to decline and he died October 4, 1950. 

At necropsy (N-166-50), dense adhesions obliterated the apical portions of both pleural 
cavities. The anterior margins of the lungs extended across the median line and had numer- 
ous air-containing blebs up to 5 cm. in diameter. The right lung weighed 1,100 gm. Cavities 
up to 8 cm. in diameter were found in the apical portions of the upper and middle lobes and 
scattered areas of caseation up to 1 cm. in diameter in the remainder of the lung. The left 
lung weighed 900 gm. There was a cavity 10 cm. in diameter with a ragged lining in the apex 
of the upper lobe and extensive focal areas of caseation up to 1 cm. in diameter in the re- 
mainder of the lung. The mucosa of the trachea and bronchi was eroded in places. The 
hilar lymph nodes were enlarged up to 3 em. in diameter and their cut surfaces were cheesy 
yellow. Miliary tubercles were noted in the spleen, liver, and kidneys. There was no tuber- 
culous involvement in any of the other organs including the brain and skeleton. 

On microscopic examination of the lungs, extensive confluent areas of caseation were 
seen, bordered by a zone of palisading epithelioid cells and giant cells of the Langhans type. 
In the trachea the surface was partly devoid of covering epithelium and contained fibro- 
caseous tubercles in the tunica propria and submucosa. The caseation necrosis was ex- 
tensive in the hilar lymph nodes. In the spleen there were scattered caseous and fibro- 
caseous tubercles. Minute tubercles were seen also in the liver and kidneys. The bone mar- 
row from a lumbar vertebra contained numerous megakaryocytes, the usual variety of 
marrow cells, and few adipose tissue cells. 


Case 4. R. E. M., a 43-year-old man (R-4852), was admitted to the Veterans Administration 
Hospital, Houston, Texas, on February 24, 1950, with a diagnosis of far advanced pulmonary 
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tuberculosis with cavitation. He had received streptomycin prior to admission and was 
discharging tubercle bacilli which were resistant to streptomycin. He was placed on ami- 
thiozone and streptomycin on March 12, 1950. Medication had to be discontinued after 
one month because of severe gastrointestinal complaints. He was given pneumoperitoneum, 
and appeared to improve until December 1950, when he developed signs and symptoms of 
meningitis. The course of his illness from then on was rapidly downward and he died on 
January 19, 1951. 

At necropsy (N-11-51), there was marked emaciation with 1,000 cc. of fluid in the peri- 
toneal cavity and edema of the scrotum. Dense fibrous adhesions were seen in the apical 
regions of both pleural cavities. The right lung weighed 750 gm. In the apex there were 
deep scars and thin-walled blebs up to 2 cm. in diameter. The anterior margin of the middle 
lobe had an accessory lobe with blebs up to 3 cm. in diameter. On the cut surfaces scattered, 
yellow, cheesy areas up to 0.5 cm. in diameter were noted. The left lung weighed 720 gm. and 
was similar to the right. The brain weighed 1,700 gm. There was a marked pressure cone over 
the cerebellum, and distinct tentorial pressure grooves were found. The leptomeninx was 
cloudy over the base so that the vessels of the circle of Willis could barely be made out. 
No areas of caseation were noted on any of the cut surfaces of the cerebral and cerebellar 
hemispheres, the cerebral peduncles, pons, and medulla oblongata. Cultures from both 
lungs and from the leptomeninx were positive for M. tuberculosis. 

On microscopic examination, there was a large area of caseous necrosis in the lung, sur- 
rounded by a delicate zone of dense hyalinizing fibrous connective tissue. No tuberculous 
lesions were detected in the spleen, liver, suprarenal glands, kidneys, or in any of the other 
viscera. In the leptomeninx of the pons, the region of the optic chiasm, the cerebellar hemi- 
sphere, and of the roof of the third ventricle, the subarachnoidal space was filled with a 
network of fibrin, some extravasated erythrocytes, granulocytes, and large mononuclear 
cells. Surrounding the blood vessels was a loose zone of infiltration with lymphocytes, 
plasma cells, and large mononuclear cells. Over extensive areas there was blurring of the 
structures which was suggestive of caseation necrosis. Here and there, palisading of epi- 
thelioid cells and occasional giant cells of the Langhans type were seen. In the glomus 
chorioideum of the lateral ventricle a minute tubercle was noted. 


Patients 1, 2, and 3 were treated with amithiozone alone and Patient 4 with 
amithiozone and streptomycin. No morphologic changes attributable to the 
effect of these drugs could be detected in any of the organs of any of these pa- 
tients. The pulmonary lesions were extensive in all 3 of the patients treated with 
amithiozone alone. Spread to the other organs was minimal or absent. Changes 
in the liver other than those of chronic passive congestion and hypoxia were ab- 
sent. Patients 1 and 2 died while still on amithiozone therapy. In Patient 1, 
marked granulocytopenia developed that might have contributed to the fatal 
outcome. In the lungs, edema, asphyxial membranes, and a good granulocytic 
response were observed. In Patient 4, the terminal event, tuberculous meningitis, 
developed although the pulmonary tuberculosis was minimal and there was no 
spread to other organs. 


COMMENT 


The present study consisted of observations on patients with moderately 
or far advanced pulmonary tuberculosis. In each patient the roentgenographic 
and clinical features of the disease were clear cut so that any change induced 
as the result of treatment could be detected and evaluated. Although the num- 
ber of patients studied is small, certain trends are evident. 

Patients treated with amithiozone alone failed to show consistent improvement 


180 SANDHAUS, JENKINS, BURDON, AND HALPERT 


by roentgenographic criteria; they did not gain weight, the amount of sputum 
did not decrease, decline in fever was not constant, and subjective feeling of 
well being was lacking. On the other hand, patients treated with the combined 
amithiozone and streptomycin therapy showed unmistakable evidence of im- 
provement in the features just mentioned. It is uncertain, however, whether 
similar results might not have been obtained by the use of streptomycin alone. 

Untoward effects from amithiozone were encountered in both groups, but 
usually disappeared rapidly after the therapy was discontinued. 

It was shown that strains of M. tuberculosis resistant to amithiozone developed 
in patients treated with this drug alone. On the other hand, no resistant organ- 
isms developed in those patients to whom amithiozone and streptomycin were 
given concurrently. The number of patients studied is too small, however, to 
provide proof that the combined therapy can prevent the emergence of strains 
of M. tuberculosis resistant to either drug. 


SUMMARY 


Clinical and laboratory studies are presented of 21 patients with advanced 
pulmonary tuberculosis, 10 of whom were treated with amithiozone and 11 with 
amithiozone and streptomycin. 

Patients receiving amithiozone alone failed to show consistent improvement; 
those receiving combined amithiozone and streptomycin therapy tended to 


improve. 

No morphologic changes attributable to the effect of either amithiozone or 
streptomycin could be detected in any of the organs of the 4 patients examined 
post mortem. 

Untoward effects necessitating cessation of amithiozone therapy were en- 
countered in patients of both groups; these effects disappeared rapidly when 
therapy was withdrawn. 

Strains of M. tuberculosis resistant to amithiozone developed in patients 
treated with this drug alone; no resistant organisms developed in patients re- 
ceiving both amithiozone and streptomycin. The number of patients studied is 
too small, however, to provide proof that the combined therapy can prevent the 
emergence of strains of M. tuberculosis resistant to either drug. 


SUMARIO 
La Amitiozonoterapia de la Tuberculosis Pulmonar 

Estos estudios clinicos y de laboratorio comprenden 21 enfermos con tubercu- 
losis pulmonar avanzada, 10 de ellos tratados con amitiozona y 11 con amitio- 
zona y estreptomicina. 

Los que recibieron amitiozona solamente no revelaron mejoria regularmente; 
los que recibieron la amitiozono-estreptomicinoterapia combinada solieron me- 
jorar. 

En ninguno los érganos de los 4 pacientes autopsiados pudieron distinguirse 
alteraciones morfolégicas imputables a los efectos ya de la amitiozona o de la 
estreptomicina. 
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En enfermos de ambos grupos notdronse efectos contraproducentes que im- 
pusieron el cese de la amitiozonoterapia, y que desaparecieron rdpidamente al 
suspenderse la terapéutica. 

Cepas del M. tuberculosis resistentes a la amitiozona aparecieron en enfermos 
tratados exclusivamente con dicha droga; pero no se presentaron microbios resis- 
tentes en los que recibieron tanto amitiozona cuanto estreptomicina. Sin embargo, 
el ntimero de sujetos estudiados es insuficiente para aportar pruebas de que la 
terapéutica combinada puede impedir la aparicién de cepas del M. tuberculosis 
resistentes a una u otra droga. 


RESUME 
Traitement de la tuberculose pulmonaire par l’amithiozone 

Des études cliniques et de laboratoire ont été effectuées sur 21 malades atteints 
de tuberculose pulmonaire avancée, 10 d’entre eux ont été traités avec l’amithio- 
zone et 11 avec |’Amithiozone et la streptomycine. 

Les malades recevant |’amithiozone seule n’ont pas toujours montré des signes 
d’amélioration; ceux recevant la thérapeutique combinée amithiozone-strepto- 
mycine s’amélioraient. 

Il n’a pas été constaté de changement morphologique attribuable aux effets 
soit de l’Amithiozone, soit de la streptomycine, sur les organes de 4 malades 
étudiés aprés la mort. 

Des réactions secondaires se sont manifestées, qui ont nécessité la cessation de 
la thérapie par |’amithiozone chez les malades des deux groupes. Ces effets ont 
disparu rapidement quand la thérapie a été interrompue. 

Des souches de bacilles tuberculeux résistants a |’amithiozone se développent 
chez les malades traités uniquement par |’amithiozone; ce phénoméne ne se 
produit pas chez les malades recevant le traitement combiné amithiozone- 
streptomycine. Toutefois, le nombre de patients étudiés est trop faible pour 
apporter la preuve que la thérapeutique combinée prévient l’apparition de 
bacilles tuberculeux résistants 4 |’un ou & l’autre de ces médicaments. 
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INTRODUCTION 


Tuberculous lesions in the appendix are not encountered frequently in general 
surgical pathologic material. Numerous reports mainly concerned with the 
incidence (1, 4, 9), the clinical features, and the surgical management (4, 7, 9, 
12) of tuberculous appendicitis are found in the literature. The morphology of 
the lesions, however, their pathogenesis, and correlation of the pathologic pic- 
ture with the patient’s signs and symptoms have received relatively little atten- 
tion. It was in an attempt to explore these particular aspects of the disease that 
the present study was undertaken. 

Since the description of the first case of tuberculosis of the appendix by Corbin 
in 1837 (3) until 1937, a total number of 151 cases had been reported. As might 
be expected, in view of the more widespread routine pathologic examination of 
all surgical specimens, the disease is now being recognized with increasing fre- 
quency. From 1937 until 1949 an additional 52 cases, at least, have been reported 
(1, 5, 7, 8, 12). 


OBSERVATIONS 


Seventeen appendices, received by the Department of Pathology, Division of 
Surgical Pathology, McGill University, from a large general hospital over a 
24-year period (1926-1949) form the basis of this investigation. Of 20 appendices 
received during that period, which were regarded as “tuberculous” or “probably 
tuberculous”, 3 had to be discarded because of inadequate clinical data or in- 
sufficient pathologic material. The present study is based upon the remaining 
cases. While the number of cases is too small to permit a statistical evaluation 
of the clinical data, it was hoped that some information might be gained regard- 
ing the route by which the infection involved the appendix from distant foci, 
the pathogenesis of the lesions, and the signs and symptoms of the disease. 


Materials and Methods 


The pathologic material consisted of formalin-fixed portions of 17 appendices. The en- 
tire specimen was available in 2 cases only. Of each of the remaining 15 cases, three cross- 
section blocks, taken from the proximal, middle, and distal thirds of the organ and em- 
bedded in paraffin, were available. 

The sections were stained with hematoxylin and eosin, with hemalum, phloxin, and 
saffran and, according to the method of Moran, Radcliffe, and Tevault (10), for acid-al- 
cohol-fast organisms. 


1 From the Department of Pathology, The Pathological Institute, McGill University, 
Montreal, Quebec, Canada. 
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In several cases, serial sections were made of entire blocks in order to study the spacial 
configuration of the lesions. 

Appendices in which the tuberculous involvement was confined to the serosal layer, and 
which were removed in the course of tuberculous peritonitis, were not included. 


Clinical Features 


Incidence: The 17 cases contained in this report constituted 0.11 per cent of all 
appendices removed during a twenty-four-year period (1926-1949). Eight of 
the patients were male and 9, female. Their ages ranged from 19 to 52 years. 
The mean age of the male patients was 35.6 years; that of the female patients, 
27.8 years. One of the cases occurred in the second decade, 8 cases (47.0 per cent) 
in the third decade, 5 cases (29.4 per cent) in the fourth decade, and 3 cases in 
the sixth decade of life. In none of the patients had the diagnosis been established 
preoperatively. 

Symptoms: The patients fell into four distinct groups on the basis of the nature 
of their symptoms. 

The first group, consisting of 3 patients, had a history of transient attacks of 
slight to moderate pain, usually poorly localized in the lower abdomen, for periods 
of six months to one year. Their symptoms had never been suggestive of an 
acute abdominal lesion and vomiting had been a rare event. 

The second group was the largest and consisted of 10 patients. Their symptoms 
had been similar to those of the members of the first group for periods up to three 
years but had recently been superseded by attacks of pain of greatly increased 
severity. The pain in these attacks was localized in the right lower abdominal 
quadrant and was frequently accompanied by vomiting. These acute symptoms 
had been present for periods of six weeks to twelve hours before admission. 

The third group consisted of 2 patients who had had an acute onset of severe 
pain in the right lower abdominal quadrant and vomiting four days and thirty- 
six hours, respectively, prior to admission. They had not been aware of any 
abdominal discomfort prior to the onset of their acute illness. 

The last group consisted of 2 female patients who had complained of leukor- 
rhea, dysmenorrhea, dyspareunia, and poorly localized abdominal pain. At 
operation both were found to have tuberculous salpingitis and endometritis as 
well as tuberculous involvement of the appendix. 

Signs: The clinical signs of all patients were regarded as entirely nonspecific. 
The patients in the first group showed slight tenderness in the right lower quad- 
rant, while those in the second and third groups presented the clinical victure of 
acute appendicitis. The 2 patients with salpingitis and endometritis showed 
bilateral pelvic masses on abdominal and pelvic examinations, but presented no 
signs which might have led to a diagnosis of appendiceal involvement. 

Concurrent tuberculosis: Two of the patients in the first group had had pul- 
monary tuberculosis for one and two years, respectively. The third patient had 
had pulmonary tuberculosis for fifteen years, and had tuberculosis of the ileum 
as well as tuberculous peritonitis in the region of the appendix. 

Of the second group, one patient gave no history and revealed no evidence of 
concurrent tuberculosis. Nine patients had had pulmonary tuberculosis for pe- 
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riods of six months to eight years, and one of these had sputum positive for tu- 
bercle bacilli and tuberculosis of the jejunum as well as the ileum and cecum. 

Of the 2 patients in the third group, one had had pulmonary tuberculosis for 
ten months and had sputum positive for tubercle bacilli at the time of operation. 
The other patient had had pulmonary tuberculosis for three months. 

The presence of tuberculous salpingitis and endometritis in the remaining 2 
patients has been mentioned above. Neither patient revealed roentgenographic 
evidence of tuberculous foci in the lungs. 

The findings regarding the incidence and type of concurrent tuberculous le- 


sions in the cases studied are summarized in table 1. 

Postoperative course: The postoperative course of all patients was satisfactory 
and no deaths occurred during their stay in hospital. One of the patients who 
was found to have had a perforation of the appendix developed a fecal fistula 
postoperatively which was treated successfully by an enterocolic anastomosis. 


In all other cases, the wounds healed by primary intention. 


TABLE 1 
Incidence and Type of Concurrent Tuberculosis in 17 Patients 
with Appendiceal Tuberculosis 
Vumber 
of Cases 


Concurrent Tuberculosis 


No evident tuberculous focus 
Pulmonary focus only 
Pulmonary and extrapulmonary focus 
Jejunum, ileum, cecum 
lleum 
Extrapulmonary focus only 
Fallopian tubes, endometrium 


Total 


Pathologic Features 


Gross examination: Five of the specimens were described as grossly normal, 
while the gross appearance of 10 specimens was indistinguishable from that of 
nontuberculous appendicitis. Thickening of the wall was present in all of these 
cases and perforation of the wall with a purulent peritonitis in 2 cases. 

In only 2 instances was the gross appearance of the appendix considered 
suggestive of tuberculosis. In one case (Case 3) tubercles were noted on the 
serosal surface and in the other (Case ‘2) a few small areas of caseation necrosis 
were seen in the wall. 

Microscopic examination: All appendices showed discrete or confluent tubercles 
in their walls. The central half of the submucosa was the most constantly and 
most severely affected portion. The tubercles in that area consisted of dense, 
circular or oval clusters of large, pale, epithelioid cells and large, multinucleated 
giant cells. Some of the latter occasionally resembled foreign-body giant cells 
with centrally placed nuclei; but others, sometimes in the same tubercle, were 
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of the typical Langhans type. The tubercles in the submucosa were more nu- 
merous and larger than those in the other layers of the wall and showed a greater 
tendency to undergo central necrosis. Their relationship to the lymphatic tissue 
of the submucosa was difficult to ascertain because a zone of lymphocytes, often 
of considerable density, surrounded them. This was true, not only in the 
submucosa, but also in the other layers of the wall, particularly the muscular 
coats (figure 1). The tubercles in the central half of the submucosa showed a 
distinct tendency to involve the peripheral portion of this layer, the muscularis, 
and the mucosa by direct extension. Serial sections of numerous blocks demon- 
strated disruption of the muscularis mucosae and encroachment upon the mu- 
cosa by adjacent tubercles in 5 cases. In 3 of these cases, this involvement of 
the mucosa had led to ulceration into the lumen. 


Fic. 1. A cluster of cellular tubercles within the circular muscle layer showing dense 
accumulations of lymphocytes. (X60). 


Discrete tubercles were frequently encountered in the mucosa which could not 
be traced to the submucosa in 6 cases. These had apparently arisen in situ and 
were confined to the mucosa. They were small, contained few giant cells, and 
appeared to have caused ulceration of the mucosa in 5 cases. 

The tubercles in the muscle layers also tended to remain small. They were 
densely cellular and elongated, with little or no necrosis. They were frequently 
located between the submucosa and the circular muscle layer or between the 
circular and longitudinal layers, but occasionally were embedded within the 
substance of the muscle (figure 1). 

The serosal tubercles tended to be intermediate between those of the sub- 
mucosa and those of the muscle, both with regard to size and tendency towards 
necrosis. The root of the meso-appendix and the adjoining parts of the serosa 
were more often and more extensively involved than the other portions of these 
tissues. The examination of the meso-appendix was necessarily incomplete, but 
isolated tubercles were encountered in its substance at distances of 5 to 10 mm. 
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from the appendix. Some of these appeared to have arisen in the adventitia of 


small veins 
In each of 5 cases the submucosa contained a large abscess which encroached 


upon the muscle layers, and in 4 of these cases the abscess cavity was found to 


communicate with the lumen of the appendix (figure 2). These intramural 
abscesses contained purulent exudate. Their lining tissue, however, in which tu- 
bercles could easily be recognized, was of a granulomatous nature. Many of 
these tubercles in the abscess wall were heavily infiltrated by polymorphonuclear 
leukocytes and appeared to be undergoing necrosis due to the superimposed 
suppurative process. The abscesses often were of considerable size, occupying 


Fic. 2. Early stage in the formation of an intramural abscess. A submucosal tuber 
culoma has ulcerated through the mucosa. The ulcer is covered by purulent exudate and 
its base contains many disintegrating tubercles. (x35) 


one-third to one-half of the circumference of the submucosa. In one case (Case 
2), the abscess had led to perforation of the appendix. 

The nature of these abscesses strongly suggested that they had arisen by the 
extension of submucosal lesions to the mucosa with eventual ulceration into the 
lumen and consequent secondary infection. The appearance of the lesions in 2 
cases (Cases 14 and 15) lends support to this concept. The appendix of each of 
these patients showed a large cluster of necrotic tubercles in the submucosa. 
The muscularis mucosae had been disrupted and the basal portion of the mucosa 
involved. Ulceration of the mucosa could not be demonstrated in the sections, 
but the pathologic picture suggested its imminent occurrence. Case 6 presented 
a typical intramural abscess, but serial sections failed to reveal involvement of 
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the mucosa or ulceration. It appears probable that an ulceration of the mucosa 
was present but not included in the available blocks of tissue. 

The distribution of the tuberculous lesions in the cases studied is shown (‘n 
table 2. Ulceration of the mucosa was evidently due to tuberculosis in 8 . 
and to nontuberculous inflammation in 2 cases. In 2 others disruption of the 
mucosa was considered due to artifact (Cases 3, 17). 

Four of the appendices showed partial obliteration of the lumen by fibrous 
tissue, while in one (Case 4) no lumen remained. Typical tubercles were found 
in the obliterating fibrous tissue in 3 of these cases. 


TUBE RCULOUS INVOLVEMENT 
MUCOSA MUSCLE | SEROSA | MESOAPP 
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*TUBERCLES IN OBLITERATED PORTION, 


Table showing the distribution of the lesions in the appendix. The solid areas indicate 
severe, the striped areas moderate, and the dotted areas slight, involvement. The arrows 
denote direct extension of submucosal lesions to the mucosa. 


Search for tubercle bacilli proved disappointing. Although control stains re- 
peatedly demonstrated the reliability of the staining technique, no acid-alcohol- 
fast organisms were found in any of the lesions. The diagnosis of tuberculous 
appendicitis in the present cases, therefore, is based solely upon the morphology 
of the lesions and the clinical history of the patients. 

Some of the lesions, particularly in the muscularis, resembled those of sarcoido- 


sis. The presence of caseation necrosis in submucosal or serosal tubercles in the 
same organ, the striking peripheral infiltration of lymphocytes, and the presence 
of proved tuberculosis in other parts of the body, however, were considered ade- 


quate grounds for excluding the diagnosis of Boeck’s sarcoid. 
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DISCUSSION 


The small number of cases studied does not warrant the drawing of definite 
conclusions regarding the incidence of the disease. The general incidence of 
0.11 per cent of all surgically removed appendices revealed by this investigation 
is somewhat lower than that reported by Drissen and Zollinger (4), who found it 
to be 0.3 per cent, and is at the lower limit of the range of incidence reported by 
Koster and Kasman (9) from many centers. 

Muller (11) found the ratio of males to females to be 3 to 2, while in the pres- 
ent series the sexes were represented about equally. The finding that the disease 
is predominant in young adults is in accord with that of other workers. 

None of the signs and symptoms manifested by the patients could be con- 
sidered characteristic of tuberculous involvement of the appendix as distinct 
from acute or chronic nontuberculous appendicitis. All of those patients who had 
complained of acute symptoms (second and third groups) showed evidence of 
nonspecific inflammatory changes in the appendix, either superimposed upon 
tuberculous ulceration of the mucosa or occurring independently. The 3 patients 
in the first group who had complained of chronic symptoms only, as well as the 2 
patients in the fourth group who had had no symptoms referable to the appendix, 
showed no nonspecific inflammatory changes although all had extensive tubercu- 
losis 

The conclusions thus appear to be justified that tuberculous appendicitis per se 
gives rise only to mild symptoms which may be present intermittently for long 
periods of time, and that the appearance of acute symptoms is to be attributed 
to superimposed purulent inflammation of a nontuberculous nature. 

That there may be a complete absence of symptoms is indicated by the study 
of Pagel and Weichherz (13) who found appendiceal tuberculosis at autopsy 
in 3 patients who had suffered from pulmonary tuberculosis but who had never 
had any abdominal complaints. In 2 of the cases of the present study (third 
group), appearance of acute symptoms was the first indication of appendiceal 
involvement. Two similar cases have been reported by Harries and Williams (5) 
and by Kornblith (8) 

It seems likely that tubercles in the appendix predispose the organ to secondary 
infection, owing to their tendency to produce ulceration of the mucosa. As 
described above, secondary infection of a submucosal tuberculoma may result 
in the formation of a large intramural abscess which may lead to perforation of 
the organ. Huebschmann (6) described these lesions but failed to find any com- 
munication between the abscess cavity and the lumen. He regarded the suppura- 


tive process as primary and the tuberculous lesions as a response to it, but did 


not elaborate his concept of their pathogenesis. 

Only one of the patients in the present series failed to reveal another tubercu- 
lous focus in the body. Whether “isolated” tuberculosis of the appendix can 
occur is a question to which this study cannot supply the answer. Huebschmann 
(6) states that he has never seen a case of truly “isolated” or “primary” tubercu- 
lous appendicitis. While it appears certain that in the great majority of cases 
tuberculosis of the appendix is a consequence of tuberculosis elsewhere in the 
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body, 5 cases reported by Thieme (14) and one case reported by Harries and 
Williams (5) did not show evidence of concurrent tuberculosis either before or 
after operation. 

The involvement of the central part of the submucosa, which was consistently 
the most extensive and the most severe, suggests that this layer of the appendic- 
eal wall is either the first to be involved or that it offers the most favorable en- 
vironment for the development of the lesions. The frequent location of the 
tubercles along the fascial planes of the muscularis and their congregation in the 
root of the meso-appendix, often in relation to veins, indicates a distribution 
along the vascular tree. 

The distant tuberculous foci probably acted as the source of the infecting or- 
ganism. Spread by vascular routes is suggested by the fact that in 3 cases tubercles 
were located in obliterated portions of the appendix. Unfortunately, in none of 
the patients were the stools examined for the presence of tubercle bacilli. In only 
3 patients, one with sputum positive for tubercle bacilli, one with intestinal 
tuberculosis, and one with both sputum positive for tubercle bacilli and intestinal 
tuberculosis, was there reason to believe that the intestinal contents might have 
acted as the vehicle of the organisms. While the mucosa thus cannot be excluded 
as a possible portal of entry, the miliary nature of the involvement suggests that 
hematogenous or lymphatic spread occurs in the majority of cases. 

Transient bacteremias are not uncommon in active tuberculosis and the ques- 
tion thus arises whether the appendix is particularly predisposed to the disease. 
Only 2 patients were found to have intestinal tuberculosis at operation, while 
the remaining 15 patients showed no such lesions. As the correct diagnosis was 
not suspected at the time of operation, however, the search for further lesions 
was probably cursory, and too much reliance cannot be placed upon these nega- 
tive findings. Kornblith (8) claims that 40 per cent of patients suffering from 


pulmonary tuberculosis show involvement of the appendix, and Jakob (7) found 
lesions in 8.3 per cent of appendices removed surgically from tuberculous subjects. 
In the 8 cases reported by Card (1) the appendix was the only involved part of the 
intestinal tract. In view of the great susceptibility of the appendix to nonspecific 
infection, further studies along this line would be of great interest. 

Owing to the vagueness of its clinical manifestations, the onset or the rate of 


progress of the disease is impossible to determine. None of the lesions showed 
fibrosis, calcification, or other evidence of healing. The disease thus appears to 
be slowly progressive until secondary infection and purulent appendicitis super- 
vene. 
SUMMARY 

Seventeen cases of tuberculous appendicitis were studied. The clinical and 
pathological findings in these cases and in those of the reviewed literature suggest 
the following conclusions: 

1. Tuberculous appendicitis is usually a consequence of tuberculosis in other 


parts of the body. 
2. The signs and symptoms of the disease lack characteristic features. 
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3. Tuberculosis of the appendix per se may be asymptomatic but usually gives 
rise to mild and vague symptoms which may persist for long periods of time. 
4. The appearance of acute symptoms indicates the occurrence of secondary 


infection. 
5. Tuberculosis of the appendix predisposes the organ to secondary infection. 
6. The appendix is probably more susceptible to tuberculosis than the other 
portions of the intestine. 
7. The infecting organisms may enter the appendiceal wall through the mucosa 
but in the majority of cases appear to do so through vascular or lymphatic routes. 
8. The lesions show no tendency to heal. 


SUMARIO 
Apendicitis Tuberculosa: Estudio Clinico-Patolégico de 17 Casos 


Estudiados 17 casos de apendicitis tuberculosa, los hallazgos clinicos y anato- 
mopatoldégicos en los mismos y en los que aparecen en la literatura repasada sugie- 
ren las siguientes conclusiones: 

1. La apendicitis tuberculosa suele ser consecuencia de la tuberculosis en otras 
partes del cuerpo. 

2. Los signos y sintomas de la enfermedad carecen de caracteristicas propias. 

3. La tuberculosis del apéndice puede ser asintomatica en si propia, pero por 
lo general da origen a sintomas leves y vagos que pueden persistir durante perfo- 
dos prolongados de tiempo. 

4. La aparicién de sintomas agudos indica la ocurrencia de infeccién secun- 
daria. 

5. La tuberculosis del apéndice predispone el 6rgano a infeccién secundaria. 

6. El apéndice es probablemente mas susceptible que las demds porciones del 
intestino a la tuberculosis. 

7. Los microbios infectantes pueden penetrar en la pared apendicular a través 
de la mucosa, pero en la mayoria de los casos parecen seguir la via vascular o 
linfatica. 

8. Las lesiones no revelan tendencia a la cicatrizacién. 


RESUME 
A ppendicite tuberculeuse: Etude clinico-pathologique de 17 cas 


Dix-sept cas d’appendicite tuberculeuse ont été étudiés. Le résultat des ex- 
amens cliniques et pathologiques dans ce grope et |’étude des cas publiés suggérent 
les conclusions suivantes: 

|. L’appendicite tuberculeuse est habituellement consécutive A la tuberculose 
d’une autre partie de l’organisme. 

2. Les symptémes et les manifestations de l’affection n’ont pas de caractére 
particulier. 

3. En soi la tuberculose de l’appendice peut-¢tre asymptématique mais elle 
donne habituellement lieu 4 des symptémes légers et vagues qui peuvent persister 
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4. L’apparition de symptémes aigus indique l’occurrence d’une affection 
secondaire. 

5. La tuberculose de l’appendice prédispose l’organe a |’infection secondaire. 

6. L’appendice est probablement plus susceptible 4 la tuberculose que les 
autres segments de |’intestin. 

7. Les bacilles infectants peuvent pénétrer dans la paroi de l’appendice par 
la muqueuse, mais, dans la majorité des cas, il semble qu’ils y parviennent par 
les voies vasculaires ou lymphatiques. 

8. Les lésions ne montrent pas de tendance A la guérison. 
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STREPTOMYCIN-DEPENDENT TUBERCLE BACILLI 
EDWIN A. DOANE anp EMIL BOGEN 
(Received for publication December 26, 1950) 


Tubercle bacilli may become resistant to streptomycin both in vitro (1) and 
in vivo (2). Many thousands of cultures have been tested for resistance to strepto- 
mycin and large numbers of resistant forms have been detected (3). Several 
strains of streptomycin-dependent M ycobacteria have also been obtained by inoc- 
ulating large numbers of bacilli upon solid media containing streptomycin (4). 
The rate of occurrence of streptomycin-resistant and of streptomycin-dependent 
strains of acid-fast bacilli has been reported to be similar to that found for N. 
meningococcus and for Escherichia coli (5). 

Streptomycin-dependent variants of the H37Rv strain of tubercle bacilli have 
also been recovered from mice which had been infected intracerebrally and then 
treated with streptomycin (6). Enhancement (7) and dependency (8) also have 
been reported in cultures obtained from clinical specimens. These observations, 
however, have been infrequent, and the properties of the strains have been in- 
constant and insufficiently maintained. 


OBSERVATIONS 
At Olive View Sanatorium during 1949, among 14,077 sputum or gastric speci- 


mens inoculated simultaneously on media with and without streptomycin, 5,395 
cultures were found positive for tubercle bacilli; 688 of these cultures grew in the 
presence of streptomycin. Of these 688 streptomycin-resistant cultures, only 33 
showed substantially greater growth in the streptomycin medium than in medium 
which did not contain the drug. Of the 33 cultures with apparent enhancement, 
25 had only scattered colonies on the streptomycin medium, suggesting that 
mere chance accounted for the negative controls here. Four cultures, however, 
showed abundant growth on the streptomycin medium and no growth on con- 
trol medium, and 4 others showed substantially greater growth on the strepto- 
mycin medium. In no case was this apparent enhancement or dependency con- 
firmed on subcultures or later tests from the same individual. 

Strain of streptomycin-dependent M. tuberculosis: A strain of streptomycin- 
dependent tubercle bacilli was recovered, however, frora subcultures of a partially 
resistant culture obtained from the sputum of a treated patient. The patient was 
a 33-year-old white female. She had had pulmonary tuberculosis for twelve 
years and had been treated with pneumothorax with apparent arrest of the disease 
several times before admission to the Olive View Sanatorium on September 12, 
1946 with a recurrence and sputum positive for tubercle bacilli. She was given 
1 gm. of streptomycin daily for three months, starting April 19, 1947. The patient 
was later treated by means of a three-stage thoracoplasty, a Lucite plombage, 
and finally a revision thoracoplasty and plastic operation. On December 14, 


1 From Olive View Sanatorium, Olive View, California. 
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1949, she was discharged, following numerous sputum and gastric cultures nega- 
tive for tubercle bacilli, with her tuberculosis apparently arrested. 

Sputum cultures taken before and in the early part of treatment yielded in- 
numerable typical tubercle bacilli on egg-yolk medium. These microorganisms 
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Fie. 1. Passages of streptomycin-dependent strain O. V. 595 


would not grow in the presence of more than 1 y of streptomycin per ml. of 
medium. Other cultures taken after ninety days of treatment grew in 10 but not 
in 100 y of streptomycin per ml. of medium. A twenty-four-hour specimen of 
sputum obtained on September 10, 1947 yielded innumerable typical colonies of 
tubercle bacilli on the glycerol egg-yolk medium without streptomycin. These 
bacilli were subcultured in Dubos Tween-albumin liquid medium and then in 
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Tween-albumin liquid medium containing various concentrations of strepto- 
mycin. Growth appeared in the control tube without streptomycin and in 1 y of 
streptomycin per ml. of medium within two weeks, and in concentrations of 10 
and 100 7 in three weeks, but not in the presence of 1,000 y of streptomycin per 
ml. of medium until twelve weeks. In order to verify the resistance to strepto- 
mycin of the tubercle bacilli growing at this last high concentration, they were 
subcultured in liquid medium and then again cultured in the same series of 
different concentrations of streptomycin in liquid medium. At this time, growth 
occurred promptly in all concentrations of streptomycin but not in the control 
which contained no streptomycin. 

This streptomycin-dependent strain of tubercle bacilli has been maintained 
through many subcultures. Growth was rarely observed without streptomycin 
in liquid medium when 200,000 or fewer tubercle bacilli were inoculated. Follow- 
ing massive inoculation, however, the strain has grown in very low concentra- 
tions of streptomycin in Tween-albumin liquid medium or even occasionally 
in the absence of the drug. Growth has also occurred on transplantation from 
high concentrations of streptomycin in liquid medium as a result of transfer of 
large amounts of the streptomycin with the inoculum. Growth was usually slight, 
or absent, in the presence of 10 y or less per ml. of streptomycin in egg-yolk 
medium and was heaviest at 100 to 1,000 7 of streptomycin per ml. The depend- 
ency of this strain on the presence of streptomycin in the medium has also been 
confirmed with subcultures sent to other laboratories where they were tested (9). 

This organism is acid fast and its cultural characteristics on solid medium 
are those of human-type, virulent tubercle bacilli. In general, however, it grows 
even more slowly than most streptomycin-sensitive or -resistant strains, even 
in the presence of 100 y of streptomycin per ml. of medium. 

Inoculation into guinea pigs: Large doses, 0.1 to 1.0 mg., of this strain of strepto- 
mycin-dependent tubercle bacilli were inoculated subcutaneously into 12 guinea 
pigs. One-half of the animals were also given injections of 100 mg. of strepto- 
mycin intramuscularly daily for two months, while the others were given no 
treatment. Neither group developed progressive tuberculous disease, though in 
one of the treated animals a small caseous inguinal lymph node was found at 
autopsy. Other strains of streptomycin-dependent tubercle bacilli have also been 
reported to have little or no virulence for experimental animals. 

Reverse mutants: Streptomycin-susceptible acid-fast bacilli were obtained by 
selective subcultures of reverse mutants growing in the absence of streptomycin 
following large inocula of the dependent strain. These reverse mutants grew more 
rapidly than did the dependent forms, but otherwise showed no recognizable 
difference in individual or colonial morphology. When injected into guinea pigs, 
however, they proved to be highly virulent, producing progressive caseous tuber- 
culosis which responded, however, when the animals were treated with strepto- 
mycin. Yegian, also, has observed that such reverse mutants are pathogenic (10). 
Thus the loss of virulence in the dependent strain was apparently involved in the 
dependence and, with the same change that restored its ability to grow without 
streptomycin, the virulence returned. 
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Decrease in the virulence of tubercle bacilli on repeated subculture has been 
repeatedly observed. BCG is the most conspicuous example, but numerous other 
instances are known. The reverse phenomenon, an increase in virulence, has been 
reported with much less certainty. The few instances of virulent organisms ob- 
tained from cultures of BCG are generally ascribed to contamination in the labo- 
ratory or to instances of spontaneous infection in experimental animals (11). 
Even repeated passage through animals has failed to raise the virulence of acid- 
fast bacilli in numerous trials here. The virulence of the reverse mutant reported 
here suggests a mechanism for loss of virulence and its possible revival. Bacilli 
on artificial media may become so adapted to some element in the new environ- 
ment that they cannot grow without it; their later variants, lacking this obliga- 
tory dependency, may thus recover their virulence. 


SUMMARY 


A dependent strain of tubercle bacilli, which usually required the presence of 
streptomycin in the medium in order to grow, has maintained this property 
through many subcultures. It did not produce disease in inoculated guinea pigs, 
whether or not they were treated with streptomycin. A streptomycin-sensitive 
reverse mutant derived from it was fully virulent for guinea pigs. 


SUMARIO 
Bacilos Tuberculosos Estreptomicinéfilos 
Una cepa derivada de bacilos tuberculosos, que solia exigir la presencia de 


estreptomicina en el medio de cultivo para poder crecer, ha mantenido esa pro- 
piedad a través de muchos subcultivos. En los cobayos inoculados con ella, no 
se mostré patégena, ya hubiesen sido o no tratados con estreptomicina. Una 
mutante estreptomicinosensible derivada de la misma cepa ha recobrado su 
virulencia. 


RESUME 
Bacilles tuberculeuz streptomycino-dépendants 

Une souche de bacilles tuberculeux “dépendants,” dont le développement 
réclame habituellement la présence de streptomycine dans le milieu de culture, 
a conservé cette propriété dans un certain nombre de cultures secondaires. Cette 
souche ne détermine pas la tuberculose chez le cobaye inoculé, qu’il soit ou non 
traité par la streptomycine. Une souche mutante streptomycino-sensible dérivée 

de cette souche avait recouvré sa virulence. 
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USE OF RABBIT EYE AS A TISSUE TO STUDY TUBERCULOSIS':?:* 
I. Development of Localized Ocular Lesion 


PAUL A. BUNN anp BERYL DROBECK* 
(Received for publication August 15, 1950) 


INTRODUCTION 


Guinea pigs and mice have long been used in the study of tuberculosis. The 
evolution of experimental tuberculous infection in these animal species has been 
defined with reasonable precision and has been subjected to standardization 
(1-6). As a consequence, both animal species have become accepted as the prin- 
cipal ones to be used in measuring the effectiveness of agents with possible anti- 
tuberculous activity. There is a need, however, for accessory methods for the 
study of tuberculosis in animals and its response to antimicrobial agents. Prima- 
rily, the need arises because of the type of disease observed in mice and guinea 
pigs. In both, following injection of human-type tubercle bacilli, disseminated 
tuberculosis develops. Although testing of antimicrobial agents in such dissemi- 
nated disease is informative, it is also important to test drugs in a form of disease 
which more closely approximates human lesions pathologically and in degree of 
host susceptibility. Furthermore, interpretation of efficacy of an antituberculous 
agent in infected mice and guinea pigs usually is made by a comparison of the 
extent of disease at autopsy in treated and untreated groups—a subjective proc- 
ess that is difficult to express in precise values. Study of tuberculosis in the rabbit, 
and in its eye in particular, on the other hand, overcomes these two deficiencies, 
partially at least. In most strains of rabbits, inoculation of human-type tubercle 
bacilli results in a chronic, destructive, nonfatal disease characterized by locali- 
zation, caseation, and fibrosis, pathology which more closely approximates the 
usual chronic phthisis in the human (7-9). It is recognized, of course, that cer- 
tain strains of rabbits may not respond as do most and that miliary-like disease 
occasionally is observed in the rabbit following intravenous injection of M. tu- 
berculosis (10). With study of localized tuberculosis in the rabbit’s eye, however, 
isolated disease virtually always results. 

The rabbit eye infected with human-strain tubercle bacilli presents many ad- 
vantages for both the study of the pathogenesis of tuberculosis and the evalua- 
tion of antituberculous agents. Important among these advantages are the speed 
with which the evolution of the lesions is completed and the accessibility of the 
involved area to direct observation. Evaluation of a therapeutic material is 
easily recorded and a pictorial account of its progress simply recorded. 


1 From the Department of Medicine, State University of New York, Medical Center, 
Syracuse, New York. 
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Institutes of Health, Public Health Service. 
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Syracuse, New York. 
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Ocular tuberculosis in the rabbit has been extensively studied (11-16). Al- 
though the results of these various investigations have been in general agreement, 
the procedures used in the different studies have varied sufficiently so that pre- 
cise comparisons are not possible. As a consequence, there is lacking a detailed, 
substantiated mass of information concerning the expected course of ocular 
tuberculosis in the rabbit such as is available for the disease in guinea pigs and 
mice. 

The present study of tuberculosis in the anterior chamber of the rabbit’s eye 
is presented in two separate reports. The present report is concerned with a de- 
scription of the evolution of the lesions and with attempts to standardize the 
disease so that it becomes reasonably predictable. In a subsequent report, meas- 
urements of the effectiveness of several antimicrobics upon the standardized 
lesions are presented. It must be emphasized that techniques employed in this 
study are not wholly original (12, 13) but principally represent extensions of 
the techniques of others in the direction of more precise definition of this form 
of experimental tuberculosis. 


MATERIALS AND METHODS 


The rabbits used in the studies were adult mongrel animals. Both male and female 
animals were used and all were nonreactors to tuberculin. All were more than three but less 
than five kilograms in weight. The vast majority were white with rare angora strain, and a 
few black and white, brown, and pure black breeds. The latter were avoided principally be- 
cause lesions were more difficult to discern in vivo and because colored pictures showed less 
contrast than in animals with a light blue or gray iris. 

A standard strain of human tubercle bacilli, H37Rv, was used both for ocular inoculation 
and for immunization.* The strain was virulent for guinea pigs and was susceptible in vitro 
to both streptomycin and para-aminosalicylic acid. All determinations of weight and 
numbers of organisms were made from a four- to seven-day growth in Tween-albumin 
medium. For immunization, 0.2 to 0.5 cc. of a seven-day growth of organism (+10,000,000 
viable organisms) was injected subcutaneously in the groin. 

Old Tuberculin‘ for skin testing was used undiluted, and the materia! was injected intra- 
cutaneously in the flank. The reaction was considered to be positive when erythema and 
edema were present forty-eight and ninety-six hours after injection. 

Tubercle bacilli were inoculated directly into the anterior eye chamber, without mixing 
with aqueous, through a sterile 27-gauge needle without preliminary cleansing or anesthesia. 
Frorn 0.002 to 0.04 mg., dry weight, of bacilli in 0.05 to 0.2 ce. liquid Tween-albumin medium 
was the range of intra-ocular dosage. One milligram, dry weight, of a seven-day growth of 
organisms in this medium contained approximately 30,000,000 viable organisms, as deter- 
mined by colony counts. The doses were recorded in milligrams, dry weight, for conven- 
ience; 0.002 mg. was equivalent to approximately 60,000 viable organisms; 0.04 mg., to 1,200,- 
000 viable organisms. 

Sterile Tween-albumin medium produced an irritative iritis on injection into the anterior 
ocular chamber which was easily distinguishable from early tuberculous infection. Periodic 
cultures of aqueous were made to determine the presence of tubercle bacilli and other bac- 
teria. Secondary microbial invasion was not observed, and tubercle bacilli could be cultured 
routinely after twenty-four hours. Cultures of lesions older than 90 days generally were 
sterile; the tuberculous character of these lesions was proved by microscopic sections. 


* Obtained from Mr. William Steenken, Jr., Trudeau Laboratories, Trudeau, New York. 
* Obtained from the New York State Laboratories, Albany, New York. 


OCULAR TUBERCULOSIS IN RABBITS 


RESULTS 


Optic lesions were produced in 23 non-immunized and 16 immunized rabbits, 
and the extent of involvement was predictable with some degree of accuracy. 
In 8 of the 39 rabbits, both eves were infected (table 1). In only one instance was 
there an absence of lesion following intra-ocular inoculation, and in this animal 
a second injection resulted in the expected disease. 

In order to simplify the description, the types of ocular disease have been 
divided into three wide categories on the basis of the severity of the lesions. Ac- 
cording to this classification, the lesions were minimal in 23 eyes, advanced in 
20 eyes, and moderately advanced in 4 eyes. 


TABLE 1 
Type of Ocular Tuberculosis Produced by Varying Size of Inoculum 


SIZE OF INOCULUM NUMBER OF NUMBER OF ADVANCED NUMBER OF MODERATELY NUMBER OF MINIMAL 
(MG. DRY WEIGHT)* EYES LESIONS ADVANCED LESIONS LESIONS 


0.02-0.04 11 
0.005-0.018 36 12 


Totals 47 50 


* 1.0 mg., dry weight, of organism represents +30,000,000 viable organisms. 
Minimal Lesion 


Minimal lesions were observed in 23 of the 47 eyes infected (table 1). Within 
twenty-four hours after inoculation, the initial process was characterized by a 
mild to moderate diffuse iritis, with swelling and redness of that tissue and 
increased vascularity around its periphery. Thereafter, the anterior chamber 
fluid became somewhat cloudy but rarely lost transparency. In one week, a 
single tubercle of varied size was present centrally within the circle of the pupil. 
The tubercle consisted of a whitish mass, usually 1 to 2 mm. in diameter. On 
occasion it was attached to the under surface of the iris; in others it was located 
centrally, attached to the lens (figure 1A). 

After the first ten days to two weeks, the acute iritis subsided, the chamber 
fluid became clear again, and vascularity decreased. Within thirty days, except 
for the presence of a persistent tubercle within the anterior chamber, all eye 
structures in the majority of the animals returned to a normal appearance 
(figure 1B, same eye six months later). Some healed completely, leaving a minute 
scar along the needle tract but no tuberculous mass. Synechiae, anterior and 
posterior, occasionally appeared; these probably altered but did not destroy 
vision. 

Advanced Lesions 

Advanced disease, observed in 20 eyes, was defined as a lesion in which all 
normal anterior eye structures, iris, ciliary body, and lens, were replaced by a 
large mass of yellow or whitish tuberculous material (table 1). Microscopically, 
this was typically caseous. Total loss of eye structure frequently developed rap- 
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idly, i.e., within two to four weeks, but on occasion took longer. After reaching 
a point of total destruction, the process became quiescent and subsequently 


iB 

Fig. 1. A. Rabbit No. 44, January 27, 1949. Minimal lesion three weeks after small 
inoculum of tubercle bacilli 

B. July 26, 1949. Same eve six months later. Lesion remains minimal 

Fig. 2. Rabbit No. 1, September 19, 1949. Eye originally inoculated with large-sized 
inoculum of tubercle bacilli on January 7, 1949. Residual, completely destroyed eye re- 
mained in this state until death of animal. This animal was not immunized 

Fig. 3. A. Rabbit No. 17, February 24, 1949. Eye inoculated with smal! number of tuber 
cle bacilli on January 19, 1949. Lesion unchanged after tenth day 

B. March 29, 1949, two months after inoculation. No essential change in total eye disease 
Associated inflammation lessened. This is classified as moderately advanced disease. 

Fig. 4. A. Rabbit No. 3, January 17, 1949. Acute destructive lesion ten days after ocular 
inoculation with large number of tubercle bacilli. Fluid from anterior chamber infected only 
with tubercle bacilli 

B. February 8, 1949. One month later, showing further destruction of eye and beginning 
of organization. The animal was previously immunized and had positive cutaneous tuber- 
culin reaction on January 10, 1949. 


fibrosis began. The eye contracted and became a scarred mass after twelve to 
sixteen weeks (figure 2). In 3 of 20 eyes with advanced ocular disease, extension 
beyond the orbit, with metastatic tuberculosis, occurred. 
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Moderately Advanced Lesions 


Any lesion between the two extremes, solitary tubercle and total destruction 
of eye, was considered to be moderately advanced (4 eyes). Obviously, this cate- 
gory included lesions of varied severity and of miscellaneous ocular changes, but 
there seemed little wisdom in complicating the studies with finer definitions of 
terms. In this middle ground, the rabbit’s eye was neither normal nor destroyed. 
Recognizable architecture of most structures in the anterior chamber remained, 
and gross vision was saved (figures 3A and B). Conjunctiva and cornea were 
uncommonly affected in any type of disease. 


Variations in Infecting Inoculum 


The course and final extent of ocular disease in the rabbit depended almost 
solely upon the dose of injected tubercle bacilli. Immunization appeared to be 
the single variable which could control the speed of development of the lesions. 
Eyes inoculated with a large dose of human tubercle bacilli (0.02 to 0.04 mg. 
dry weight) developed advanced tuberculous lesions in approximately 75 per 
cent of instances (8 of 11 eyes) (table 1). One of the 11 rabbits which received 
this dosage was purposely sacrificed seven days after inoculation, at which time 
the ocular disease was still of minimal extent. 

In figure 4 may be seen a single example of advanced ocular tuberculosis 
following a large infecting inoculum which is representative of the course in all. 
This rabbit, immunized four months previous to the time when the first photo- 
graph was obtained, was inoculated with 0.2 cc. of a seven-day growth of tubercle 
bacilli on January 8, 1949. Photographs obtained January 17 and February 8 
revealed the rapid attainment of advanced ocular disease (figures 4A and B). 
Within ten days, the entire eye was swollen with slight proptosis and mild con- 
junctival discharge was noted. The entire anterior chamber, iris, and cornea were 
involved in the acute inflammation. No evidence of healing was discernible. At 
the end of one month, an acute inflammatory lesion continued without significant 
change. Eight months later, the eye showed little further alteration. All struc- 
tures were replaced by a mass of tuberculous tissue, with organization and fibro- 
sis. The rabbit remained healthy, gained weight, and the eye never appeared to 
be painful. 

A smaller inoculum of bacilli yielded less destructive but still chronic tubercu- 
lous lesions. With the use of 0.005 to 0.018 mg. (dry weight) of tubercle bacilli, 
minimal disease developed and was consistent in its course in 20 of 36 eyes (fig- 
ure 1, table 1). Moderately advanced disease (figure 3) was observed in 4 addi- 
tional eyes following the small inoculum. The development of moderately 
advanced ocular lesions was satisfactory for purposes of the study because destruc- 
tion of the eye structures did not result; and spontaneous, albeit partial, healing 
was observed generally. Consequently, in 67 per cent of the animals (24 of 36 
eyes) small inocula of organisms produced disease that was appreciably less in 
extent and more capable of healing than that which followed larger doses of 
tubercle bacilli. 

An example of the course of ocular tuberculosis of minimal extent following 
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injection of 0.005 to 0.018 mg. (dry weight) H37Rv is demonstrated in figure 5. 
The animal, not previously immunized, received an inoculum of 0.018 mg. in 
December 1948, and no more than a minimal lesion developed. (Figure 5A shows 
the lesion at two months). As the disease failed to change after six months, a 
similar injection was repeated in the same eye in July 1949. A second tubercle 
developed in the central portion of the chamber within the expected period of a 
few days and this also failed to progress. Ten months after the first inoculation 
and four months after the second (figure 5B), the eye was essentially unchanged ; 
and shortly thereafter the animal was sacrificed for microscopic study of the 
two lesions. The skin reaction to tuberculin was positive at the time of the sec- 


ond inoculation. 

An inoculum into the anterior chamber of less than 50,000 viable organisms 
in all instances resulted in minimal lesions. As insufficient numbers of rabbits 
(3 animals, 3 eyes) were utilized in this series and as the resulting disease was of 


B 
Fig. 5. A. Rabbit No. 35, February 24, 1949. Ocular inoculation on December 28, 1948 
with small number of organisms. Lesion of minimal extent first noted on January | and 
peak severity was on January 6, 1949. Lesion at two months remains quiescent and minimal. 
This animal was not immunized 
B. October 18, 1949. Ten months later, lesion essentially unchanged 


such minor extent, detailed description has been eliminated. Results of specific 
therapy of this type of lesion will be recorded in a subsequent report. 


Immunization 


The terms “vaccination” and “immunization”’ have been used loosely in these 
studies. An animal was considered “‘vaccinated” after it had been given a sub- 
cutaneous dose of viable human-type tubercle bacilli. With the development of 
& positive skin reaction to Old Tuberculin, “immunization” was considered 
accomplished. It was appreciated that cutaneous hypersensitivity to tuberculo- 
protein did not necessarily indicate the presence of immunity to infection with 
tubercle bacilli. In all of the observations recorded in ocular tuberculosis, differ- 
ences in terms of onset, total severity, and course were truly minor in the two 
groups of rabbits, “immunized” and non-immunized (table 2). Until the problem 
of cutaneous ocular sensitivity to tuberculin can be further investigated, optic 
tuberculosis in the “immunized” (vaccinated) group must, in general, be con- 
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sidered identical to that in the non-immunized group. As was suggested earlier, 
the only variation was that the initial ocular reaction occurred more rapidly and 
somewhat more intersely in the former group. This variation was unimportant, 
however, when viewed against the background of the over-all picture of the dis- 
ease in rabbits. 


TABLE 2 
Effect of Previous ‘“‘Immunization”’ upon Development of Ocular Tuberculosis 


MODERATELY 
ADVANCED LESIONS ADVANCED LESIONS MINIMAL LESIONS 


Immu- | Non-im- | Immu- 

nized munized nized 
3 
6 


4 


4 


* 10 mg., dry weight, represents +30,000,000 viable organisms. 


DISCUSSION 


Observations of the pathogenesis of tuberculous lesions in the rabbit eye have 
been presented. All animals developed ocular lesions following inoculation of 
viable tubercle bacilli. With large inocula, advanced lesions occurred in 8 of 11 
eyes, approximately 75 per cent. In one additional animal eye, the experiment 
was voluntarily terminated after seven days, and it is impossible to predict that 
the lesion would not have progressed to a more extensive degree. Although pre- 
dictability of.the extent of the lesions is not all important, the uniformity of the 
results with large infecting doses of bacilli has permitted reasonable standardiza- 
tion of the infection. 

The results obtained with the small inocula of tubercle bacilli were somewhat 
less consistent. In 12 of 36 eyes, the lesions progressed to an advanced stage. 
Although absolutely uniform predictability in type of resulting disease is hardly 
to be anticipated, there are certain features of inoculation procedures that deserve 
comment in considering the animals in which the lesions did not evolve as in 
the majority. The exact site of the position of organisms in the anterior chamber 
is important. Long and Holley (12b) noted that the time required for the devel- 
opment of established tubercles was distinctly different, depending upon whether 
they were located distant from, or close to, the limbus of the cornea. Gray (16) 
also noted that spread and total extent of ocular disease were greater when or- 
ganisms were deposited near the pars plana of the ciliary body than when the 
same number of organisms were injected distal to this area. In the present study, 
every effort was made to implant the infecting tubercle bacilli close to the center 
of the anterior chamber, but it is conceivable that location of deposition was 
not identical in every animal. Until such variables as the site of deposition can 
be more carefully evaluated, the extent of the resulting lesions cannot be totally 
predictable. Nevertheless, the lesions are produced consistently and, with the 


| NUMBER OF EYES 
Size Or | 
Immu- | Non-im- | Immu- | Non-im- Non-im- 
| nized munized | nized | munized | munized 
0.0000 | 3 | 8 | — | 8 
0.005-0.018 | 16 | 20 6 | 6 14 
Totals.........| 47 | 20 | : 23 
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degree of predictability presented, a reasonable degree of standardization is 
possible. 

It is also possible that, with further refinements in techniques and further 
understanding of the effects of immunization, more precise definition of results 
may be obtained. 

It is apparent that the types of disease presented (figures 1—5) closely simulate 
chronic human tuberculosis. The eyes in figures 2 and 4 are involved with pro- 
gressive, destructive, caseous, yet self-limited, lesions. Those in figures 1, 3, and 
5 reveal minimal disease capable of healing by resolution or by fibrosis and or- 
ganization. In both, the host defenses have proved adequate to keep the disease 
localized, a feature rarely observed in mice or guinea pigs. 


SUMMARY 


With a view toward developing a method for testing antituberculous agents, 
two major types of ocular disease have been studied in the rabbit. Advanced, 
permanently destructive, or minimal reversible lesions were produced with suf- 
ficient predictability by manipulation of the size of the infecting dose of tubercle 
bacilli. With the administration of a large inoculum of bacilli, advanced disease 
was produced in 73 per cent of the eyes inoculated. A smaller inoculum of bacilli 
resulted in reversible disease in 67 per cent of the animals so infected. In both 
types, the course of the disease was self limited and rarely extended beyond the 
orbit. The method has the distinct advantage of permitting direct observations 
of the evolution of a tuberculous lesion. 


SUMARIO 


Empleo del Ojo de Conejo como Tejido para Estudio de la Tuberculosis. 
I. Formacién de Lesién Ocular Lecalizada 


Con mira a ofrecer un método para ccmprobar agentes antituberculosos, se 
han uniformizado en el conejo dos grandes formas de afeccién ocular. Con el 
solo y sencillo sistema de variar el tamafio de la dosis infectante de bacilos 
tuberculosos se producen con suficiente seguridad lesiones avanzadas permanente- 
mente destructoras y lesiones minimas, sin que ejerzan mayor efecto la inmuni- 
zacién anterior, la especie animal y la técnica de inoculacién. Con la adminis- 
tracién de un indéculo grande, se produce enfermedad avanzada en 73 por ciento 
de los cases. Menores cantidades de gérmenes dan por resultado enfermedad 
reversible en 67 por ciento de los animales. En ambas formas, la evolucién de la 
dolencia es autolimitada y rara vez traspasa la érbita. E] método posee la distinta 
ventaja de que permite la observacién directa del desarrollo de la tuberculosis. 


RESUME 
Utilisation des tissus de Voeil du lapin pour l’ étude de la tuberculose. 
I. Développement d’une lésion oculaire localisée 


Dans le but de décrire une méthode pour expérimenter les divers agents anti- 
tuberculeux, deux types principaux d’affections oculaires ont été standardisés 
chez le lapin. Par la seule et simple variation du volume de la dose d’inoculation 
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du bacile tuberculeux il est permis de prévoir dans une certaine mesure |’appari- 
tion de lésions évolutives marquées ou de lésions minimes. L’administration 
d’une dose d’inoculation forte détermine une affection évolutive dans 73% des 
cas. Un nombre réduit de germes détermine chez 67% des animaux des manifes- 
tations pathologiques réversibles. Dans |’un ou |’autre cas |’évolution de |’affec- 
tion est circonscrite et s’étend rarement au dela de |l’orbite. Cette méthode a 
l’avantage particulier de constituer une observation directe de |’évolution de la 
tuberculose. 
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INTRODUCTION 


The present report is concerned with a description of the effect of eight tuber- 
culostatic antituberculous agents upon the course of ocular tuberculosis in the 
rabbit. In a previous communication (1), the course of untreated ocular tubercu- 
losis of the rabbit has been described. It was believed that the evolution of 
tuberculosis in the rabbit eye was sufficiently uniform to allow reasonable pre- 
diction of its course in the majority of animals. In the present report, the use of 
this experimental infection as a method for evaluating the efficacy of antituber- 
culous drugs is described. 


METHODS AND MATERIALS 


The methods utilized in this portion of the study were identical with those described 
previously (1). Adult, mongrel, white rabbits were infected by direct inoculation into the 
anterior eye chamber with a four- to seven-day growth of human tubercle bacilli (H37Rv) 
in liquid Tween-albumin medium. Following an inoculum of 0.005 to 0.018 mg., dry weight, 
of human tubercle bacilli into the anterior chamber, acute, but not destructive, optic in- 
flammation developed. The extent of the disease with inoculum of this size was predictable 
in approximately 67 per cent of instances; and the lesion in all cases was minimal, self- 
limited, and local. Larger inocula (0.02 to 0.04 mg.) produced advanced and destructive but 
still localized tuberculosis in approximately 75 per cent of the rabbits. In both instances, 
the ocular lesions had many of the characteristics of human, reinfection type, chronic tu- 
berculosis in that they were indolently progressive, non-fatal, generally well localized, and 
eventually became fibrotic. 

In the present study, the course of optic tuberculosis in 106 infected eyes in 66 rabbits 
treated with a variety of antimicrobial agents is described. Twenty-nine of the 66 rabbits 
were “‘immunized’”’ prior to development of ocular disease; 30 showed no cutaneous reac- 
tion to tuberculin, and 7 in which the original ocular tuberculosis had healed were reinocu- 
lated ocularly. At the time of reinoculation, all 7 of these animals were cutaneous reactors 
to tuberculin (table 1). The method of “immunization”’ was identical with that described 
before. Aa there was no significant difference between either the lesions which developed in 
tuberculin-sensitive and tuberculin-insensitive rabbits or in the response of the lesions to 
therapy, no attempt has been made to separate the effects of antimicrobial therapy in the 
two groups of animals. 

The eight antituberculous agents studied‘ were streptomycin; dihydrostreptomycin; 
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amithiozone (Tibione); diethanol amine salt of benzaldehyde-thiosemicarbazone-4-car- 
boxylic acid (TB 6); 4,2’-diamino-diphenyl-5-thiazolesulfone (Promizole); para-amino- 
salicylic acid (PAS); terramycin; and an antihistaminic, 1-methyl-3-thenyl-4-(2-pyridyl)- 
piperazine hydrochloride (BL92), with some antimicrobial activity (table 2). 

The antituberculous properties of six of these drugs have been well described (2-9); 
with two compounds (BL92 and TB6) there had been no observations concerning 
antituberculous activity in vivo at the time of the study. Streptomycin and dihydrostrep- 
tomycin were administered subcutaneously or intramuscularly in a total daily dose of 60 
mg. per kg. of body weight. Because no differences in toxicity or therapeutic efficacy were 
noted between streptomycin and dihydrostreptomycin, the two drugs were not considered 
separately. Injections of either drug were given once daily, six times weekly, for a total 
of 42 doses. Promizole was added to the diet, 0.5 per cent by weight being given each day 
for six to seven weeks. Para-aminosalicylic acid was also given in the feed (5 per cent by 
weight or 200 mg. per kg. of body weight per day) for the same length of time, six to seven 
weeks. One milligram of amithiozone per kilogram of animal weight was included in the 


TABLE 1 


Distribution of Treated Rabbits According to “Immunization” 
and Ocular Disease 


Single eyes 
Both eyes 
Local therapy 
Reinoculation* 


* Previous optic disease produced cutaneous hypersensitivity to Old Tuberculin. 
t First infection minimal and entirely healed prior to second inoculation. 


daily diet for thirty days. Two animals received 20 mg. of amithiozone per kg. of body 
weight per day intramuscularly, the material being given in propylene glycol. Diethanol 
amine salt of benzaldehyde-thiosemicarbazone, another thiosemicarbazone, was admin- 
istered parenterally in daily dosage of 10 mg. per kg. of body weight also for one month. 
BL92 was given in oral doses of 100 mg. per kg. per day for the same length of time. The 
sodium salt (pH 8.5) of terramycin was injected subcutaneously once daily for 30 injections 
in the dosage of 10 mg. (6 animals) or 40 mg. (2 animals) per kg. of body weight. Promizole 
was administered together with parenteral streptomycin; the sulfone alone was not used 
(table 2). 

Pharmacologic data on five of the eight agents indicated that, in the dosage used, theo- 
retically adequate concentrations were present in the blood. Concentrations of streptomy- 
cin and dihydrostreptomycin above 5 y per cc. of serum were obtained uniformly. Concen- 
trations of Promizole were maintained above 0.25 mg. per 100 cc. and concentrations of 
para-aminosalicylic acid usually ranged between 4 and 7 mg. per 100 cc. of serum. Spot 

Amithiozone (known as Tibione) and diethanol amine salt of benzaldehyde-thiosemi- 
carbazone-4-carboxylic acid (TB 6) by Schenley Laboratories, New York, N. Y. 

Promizole by Parke, Davis & Company, Chicago, Illinois 

Para-aminosalicylic acid by Merck & Co., Inc., Rahway, New Jersey 

Terramycin by Charles Pfizer & Co., Brooklyn, New York 

BL92 by Bristol Laboratories, Syracuse, New York 


“TMUNIZED” NON-IMMUNIZED TOTAL 
| Number of | Number | Numberof | Number | Numberof | Number 
| animals | ofeyes | animals | of eyes animals | of eyes 
3 | 3 | 17 | | 
14 | 28 | 11 22 25 50 
| 7t 22 _ _ 7 22 
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determinations of terramycin levels were found to be 5 y or higher per cc. of serum. No 
methods were available in this laboratory for determination of the concentrations for 
the diethanol amine salt of benzaldehyde-thiosemicarb or amithiozone compounds 
or of BL92 in the blood. Early in the development of ocular disease, and subsequently from 
the uninfected eye, theoretically adequate concentrations of streptomycin were measured 
(average, 2 y per cc.) from the anterior chamber fluid. No gross evidences of toxicity from 
any agent were observed; no specific study for side effects was undertaken. 


TABLE 2 
Therapeutic Agents in Ocular Tuberculosis 


TREATMENT INSTITUTED 


Within 24 hours | More than 2 days 
Before infection of infection after infection 


Number; 


| Supp Suppres- ippres- 
of eyes |sive effects) of eyes |sive effects) of eyes |sive effects 


Dihydrostreptomycin and/ 
or streptomycin (SM).. .. 16 16 16 14 
Streptomycin plus para- 
aminosalicylic acid 


Streptomycin plus 4,2’-ci- 
amino-dipheny]-5-thia- 
zolesulfone (Promizole) ... 

Local therapy (streptomy- 
cin) 

Amithiozone (oral) 

Amithiozone in propylene 
glycol (parenteral). ...... 

Terramycin (TM).... 

Diethanol amine salt of 
benzaldehyde-thiosemi- 
carbazone-4-carboxylic 
acid (TB 6) (parenteral)... 

Para-aminosalicylic acid 

2 4 _ 4 1 


66 | 106 24 19 62 34 20 5 


* One rabbit reinoculated; first lesion in one eye of such minimal extent after therapy 
that reinoculation was practicable. 


RESULTS 


Therapeutic results, as observed in this study, depended in major part upon 
the time of institution of treatment in relation to inoculation of tubercle bacilli 
into the anterior eye chamber and upon the size of the inoculum (1) (tables 2 
and 3). In instances of well-established disease, i.e., of more than two weeks 
duration, no agent, singly or in combination, appreciably altered the subsequent 
course of the ocular tuberculosis from the expected course without treatment. 
Contrariwise, therapy with some agents, but not all, if given prior to ocular in- 
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fection, resulted in a significant reduction in the expected incidence of advanced 
diseases. This was particularly true of streptomycin and was less readily demon- 
strable with para-aminosalicylie acid and terramycin. 


Therapy Started After Establishment of Lesion 


Twenty eyes (12 animals) were treated with streptomycin, alone or in combina- 
tion with either Promizole or PAS, started five to sixty days after the develop- 
ment of ocular tuberculosis. Six of the 20 eyes were benefited by therapy, but 
in only one was the improvement truly impressive (tables 2 and 3). In the other 
5 eyes, therapy either slowed the progress of the disease or caused minimal re- 


gression. 

In the remaining 14 eyes in which therapy was started after the establishment 
of ocular tuberculosis, the lesions progressed to total destruction of the eye despite 
full courses of streptomycin with or without para-aminosalicylic acid or Promi- 
zole. The infecting doses of tubercle bacilli in all 20 eyes were either large or of 
moderate size. 


Therapy Started Before Ocular Inoculation of Tubercle Bacilli 


With prophylactic administration of antituberculous agents, an apparently 
marked suppressive action upon the subsequent course of ocular tuberculosis 
was noted in 19 of 24 eyes (tables 2 and 3). Streptomycin was administered 
parenterally to 8 animals (16 eyes) twelve to twenty-four hours prior to ocular 
injection of tubercle bacilli. Therapy for ocular disease with amithiozone (2 eyes), 
BL92 (2 eyes), and terramycin (4 eyes) was instituted twenty-four hours prior 
to inoculation with tubercle bacilli. 

In 14 of 16 eyes treated with streptomycin, irrespective of the dosage of or- 
ganisms in the infecting inoculum, the resulting tuberculous lesions remained of 
minimal extent. In the other 2 eyes advanced disease developed only after cessa- 
tion of therapy. Figure | shows the course of events observed in the ocular lesion 
following the use of streptomycin. The first three photographs (figures 1A, B, and 
C) were obtained during the period of therapy; the remaining illustrations (figures 
1D and E), during the three months after termination of therapy. The photo- 
graphs are of the right eye only; the course of the tuberculous lesion in the other 
eye was paralle!. These two eyes were the only ones in which progression of the 
ocular disease occurred after termination of therapy. The lesions in the remaining 
14 eyes remained stationary at the minimal stage. This suppressive effect was 
more impressive and more uniform in the 4 eyes inoculated with moderate-sized 
inocula of tubercle bacilli than in the group infected with lesser numbers of or- 
ganisms (table 3). 

A truly marked suppressive effect was not observed in the 4 animals treated 
with other agents. Terramycin had more protective activity than the other drugs 
in that the lesions in 3 of 4 eyes became arrested at the minimal stage during 
therapy. In all but one, however, the lesion subsequently progressed to an ad- 
vanced stage. Neither BL92 nor the thiosemicarbazones had any demonstrable 
effect upon the development or progression of ocular disease in 2 animals (4 eyes) 
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(table 3). All animals treated prophylactically received small or moderate-sized 
inocula of tubercle bacilli. 


Fic. 1. A. Rabbit No. 84, November 7, 1949. Eye injection, November 2, 1949. Treatment 
with streptomycin begun October 31, 1949 and ended December 19, 1949. A very minimal 
lesion can be seen at the lateral border of the iris 

B. November 14, 1949. Lesion more obvious but still minimal 

C. December 13, 1949. At the end of the treatment period. Lesion is still minimal al 
though inflammation of iris is apparent. 

D. January 9, 1950. Lesion slightly larger one month after cessation of therapy. It is 
still minimal although iritis is moderately advanced 

E. January 17, 1950. Sudden extension of disease to an advanced stage 


Therapy Started within Twenty-Four Hours of Inoculation of Organism 


Maximal therapeutic efficacy was observed in the group of animals which re- 
ceived antituberculous therapy prior to the intra-ocular inoculation with tubercle 
bacilli. Minimal effectiveness was noted when treatment was delayed five to 
sixty days after establishment of disease. The ocular lesions which were treated 
within twenty-four hours of inoculation responded in a fashion between the ex- 
tremes (tables 2 and 3). In slightly more than one-half of the infected eyes so 
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treated (34 of 62 eyes), the course of the ocular lesions appeared to be either slowed 
or suppressed. Of those treated with streptomycin or with the two agents used in 
combination with it (PAS and Promizole), only 4 of 26 infected eyes failed to be 
benefited appreciably. In 20 of the 26, the effect was impressive ; none progressed 
to total destruction of the eye. Ocular disease in the remaining 2 eyes became ad- 
vanced, but not until six weeks after injection; whereas the peak severity of the 
infection in the untreated eye would be expected to occur within two to four 
weeks. In figure 2 is shown a single eye treated with streptomycin which was 
started twenty-four hours after tubercle bacilli had been injected. The first photo- 
graph (figure 2A) was obtained seven days after the start of therapy; the other, 
shortly after termination of therapy (figure 2B). A diffuse tuberculous lesion 
developed in the anterior chamber, and mild to moderate iritis developed after 
one week. The subsequent course of the disease was stationary, and the lesion 
finally contracted into a small fibrotic mass. Fifteen of the 26 eyes treated early 


4a 


Fig. 2. A. Rabbit No. 73, August 10, 1949. Seven days after inoculation of moderate 
numbers of tubercle’ bacilli and six days after treatment with streptomycin was started 
Minimal lesion with iritis present. 

B. November 14, 1949. At the end of treatment. Lesion grossly unchanged. 


with streptomycin alone, or in combination with PAS or Promizole, received 
0.009 to 0.018 mg. of tubercle bacilli as an infecting dose; 10 eyes were injected 
with small doses of bacilli. In one instance an inoculum of 0.03 mg. was used 
(table 3). 

Streptomycin given alone, or in combination with PAS or Promizole, within 
twenty-four hours after infection was more efficacious than any of the other five 
agents studied in terms of slowing the progress of the disease and in preventing 
destructive tuberculosis. Terramycin, amithiozone diethanol amine, and PAS 
alone proved to be better than BL92 and amithiozone; but in only 8 of 32 in- 
fected eyes treated with the former three agents was advanced disease prevented. 
The total number of infected eyes (24 of 32 eyes) treated with all drugs, exclu- 
sive of streptomycin, in which the lesions advanced unaltered to destruction was, 
unexpectedly, significantly greater than in the untreated group of animals (20 
of 39 eyes) (1). 


Local Therapy 


Following inoculation of tubercle bacilli into 4 eyes, therapy for the resulting 
disease was administered locally by injection of streptomycin directly into the 
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anterior eye chamber (table 2). Ten thousand micrograms of the drug in saline 
and mixed with aqueous were .instilled three times weekly for six weeks. It was 
impossible to interpret results of such rode of administration of streptomycin be- 
cause severe keratitis, undoubtedly traumatic, developed which almost totally ob- 
scured the underlying lesions. In figure 3 is demonstrated the beginning and end 
result in one such eye. It is evident only that the disease did not destroy the eye. 


Fic. 3. A. Rabbit No. 74, August 10, 1949. Seven days after inoculations and six days 
after local therapy with streptomycin was started (3 injections into eye). Iritis is traumatic 
but tubercle is visible and is of minimal extent 

B. December 13, 1949. One month after cessation of local therapy (20 injections). Kera 
titis severe and description of tuberculosis impossible to record. 


DISCUSSION 


There are certain disadvantages in the use of mice and guinea pigs for evalua- 
tion of antituberculous drugs. Among these drawbacks are: the type of disease, 
which is generally disseminated with irregular localization; the generally fatal 
outcome; the impossibility of noting daily change in the lesions prior to autopsy; 
and the rather long period of observation necessary before therapeutic efficacy 


can be assayed. Because of these disadvantages, it seems sensible to study the 
activity of antituberculous drugs in a different animal in which tuberculosis, 
in the main, is unlike that in mice and guinea pigs. In no sense does the present 
method eliminate the necessity for utilizing the established procedures, but it 


might complement them. 

Eight antimicrobial agents have been tested in the treatment of ocular tuber- 
culous lesions in rabbits. Seven of these drugs are known to exert a reasonable 
degree of activity in tuberculous guinea pigs and mice. In ocular tuberculosis of 
the rabbit, there was a tremendous disparity among the activities of the eight 
agents. It appeared that streptomycin and dihydrostreptomycin had a far more 
powerful effect in altering the course of the tuberculous infection when it was 
localized in a single body compartment than any of the other six agents, and both 
streptomycins were as effective when administered alone as when they were com- 
bined with either PAS or Promizole. The tremendous difference in efficacy be- 
tween the streptomycins and the remaining six agents is apparent in animals in 
which ocular disease has reached peak severity prior to therapy, in animals which 
received chemotherapy prior to ocular infection, and in animals in which both 
drug and infection were given at approximately the same time. This is not to 
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say that the other agents are without effect, but in the particular type of experi- 
mental situation studied the effects were negligible save, possibly, in the case of 
terramycin. 

If the lesion of the rabbit eye had been used as the sole “screen” for anti- 
tuberculous drugs, at least two thiosemicarbazones and PAS would have been 
excluded from consideration for further clinical trials. Experience in man and 
other animals has proved all three of these compounds to be of some value al- 
though, as is true with ocular disease in the rabbit, none can match the efficacy 
of streptomycin. 

The failure to demonstrate any antituberculous activity of these three drugs 
(para-aminosalicylic acid, amithiozone, and amithiozone diethanol amine (TB 6)) 
by means of the ocular lesion is difficult to explain. It is possible that none pene- 
trated the aqueous of the anterior chamber in sufficient concentration to provide 
antimicrobial activity. For technical reasons, measurement of concentrations of 
drug in the body fluids could not be done in the case of the thiosemicarbazones 
and was not performed with para-aminosalicylic acid. This is no more than a 
speculative opinion but it is, nonetheless, not without precedent in chemothera- 
peutics. Distribution of various drugs into different body compartments is fre- 
quently variable, and failure to diffuse into a body cavity often alters the results 
obtained on various regimens of therapy. 

The over-all effectiveness of the eight antituberculous agents does not, how- 
ever, present the entire picture. Irrespective of final outcome of the ocular disease, 
it is believed that seven of the drugs (not BL92) appreciably altered the pattern 
of early tuberculous infection in the rabbit’s eye. Acuteness of the inflammation 
was generally diminished; the total extent of the end stage was somewhat less 
severe than in the nontreated group; and progression was slowed. 

Antimicrobial therapy was more effective in suppressing (in no instance entirely 
preventing) ocular infection in the rabbit when therapy was started prior to 
inoculation of the tubercle bacilli. This is to be expected because it is quite likely 
that the infecting dose of organisms was appreciably reduced in numbers before 
significant invasion occurred. In this effect, streptomycin again showed far greater 
potency than the other agents studied. No agent studied, other than streptomy- 
cin, appreciably altered the established tuberculous disease, and even strepto- 
mycin was far less effective in changing the pattern of advanced ocular tuberculo- 
sis than was anticipated. 

From these data it is possible to suggest how ocular tuberculosis in rabbits may 
be found useful to future studies in “screening” antituberculous agents. It is im- 
portant, first, to know the penetrability of the material into the aqueous of the 
anterior chamber because drugs vary appreciably in this pharmacologic property. 
Second, the agent should be given shortly after the infecting dose of tubercle 
bacilli to test over-all efficacy in the shortest time. Third, if the agent is capable 
of causing definite regression in approximately 50 per cent of well-established 
lesions of moderate or advanced extent, it has appreciable antituberculous activ- 
ity. Fourth, an effective agent will prevent, in at least 75 per cent of instances, 
the occurrence of advanced ocular disease following inoculation of small or mod- 
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erate numbers of virulent human-type tubercle bacilli into the rabbit’s anterior 
chamber. From experience with untreated eyes, at least 30 per cent should 
promptly develop advanced disease. 

In the present study one outstanding inconsistency was noted and requires 
comment. In all animals treated with BL92, in a very few treated with the thio- 
semicarbazones, and in one treated with para-aminosalicylic acid, the resulting 
disease, irrespective of the time of the therapy, was enhanced, and unexpected 
destruction of the eye occurred. The disease, if the agents were of no therapeutic 
value, should have approximated that in the controls; it was worse. The apparent 
paradox is not an unknown phenomenon in the testing of other drugs in other 
infections. Presumably the effects of drug toxicity and disease toxicity exert an 
additive effect in an animal in which the disease is not being altered appreciably 
by a “weak” drug. 


SUMMARY 


A series of rabbits which were infected intra-ocularly with human tubercle 
bacilli has been studied and the response of ocular lesions to eight antituberculous 
agents has been observed. Streptomycin and dihydrostreptomycin were capable 
of modifying the ocular lesions considerably when administered twenty-four hours 
prior to inoculation of tubercle bacilli into the eye. When treatment with strepto- 
mycin was instituted twenty-four to ninety-six hours after inoculation, it failed 
to alter the course of the tuberculous lesion completely, although a major effect 
in slowing the disease and reducing its intensity was noted. The other agents 


studied (amithiozone, diethanol amine salt of benzaldehyde-thiosemicarbazone- 
4-carboxylic acid (TB6), 4,2’-diaminopheny! ,5-thiazolylsulfone (Promizole), 
para-aminosalicylic acid (PAS), terramycin, and 1-methyl-3-thenyl-4-(2- 
pyridy!)-piperazine hydrochloride (BL92)) failed to produce a comparable effect. 
When treatment was delayed until well-established ocular tuberculous lesions 
were present, none of the agents studied affected the disease significantly. 


SUMARIO 


El Empleo del Ojo del Conejo como Tejido para el Estudio de la Tuberculosis: 
II, Efecto de Ciertos Agentes Tuberculostdticos sobre la Tuberculosis 
Ocular Macroscépica 


Una serie de ojos de conejo infectados con bacilos tuberculosos humanos fué 
estudiada, observandose en ellos la respuesta de la tuberculosis ocular a ocho agen- 
tes tuberculostdticos. Estreptomicina y dihydroestreptomicina son capaces de 
impedir parcialmente las lesiones oculares si se administran veinticuatro horas 
antes de inocular los microbios en el ojo. Cuando se instituye la estreptomicino- 
terapia de veinticuatro a noventa y seis horas después de la inoculacién, no altera 
completamente la evolucién de la lesién tuberculosa, aunque se nota un efecto 
de mucho aleance en lo tocante a retardar la enfermedad y rebajar su agudeza. 
Si se demora el tratamiento cinco o més dias, hasta cuando la tuberculosis ocular 
esta ya bien establecida, no hay agente que afecte el mal mayor cosa. 


ANTITUBERCULOUS AGENTS IN LESIONS OF RABBIT EYE 


RESUME 
L’oeil du lapin utilisé comme tissu d’ étude de la tuberculose. II. Action de certains 
agents tuberculosstatiques sur la tuberculose oculaire macroscopique 

Une étude a été entreprise sur une série d’yeux de lapins dans lesquels |’inocula- 
tion de bacilles tuberculeux humains avait été pratiquée pour observer la réaction 
de la tuberculose oculaire vis & vis de huit antibiotiques. 

La streptomycine et dihydrosereptomycine sont capable de prévenir partielle- 
ment les lésions oculaires si elle est administrée vingt-quatre heures avant 
l’inoculation du bacille dans |’oeil. Quand le traitement par la streptomycine est 
institué vingt-quatre 4 quatre vingt seize heures apres l’inoculation, alors qu’il ne 
réussit pas 4 modifier complétement |’évolution de la lésion tuberculeuse, on 
observe toutefois un effet important qui consiste dans le ralentissement de |’évo- 
lution et la diminution de l’acuité de |’infection. Quand le traitement est retardé 
de cing jours ou plus, quand la tuberculose oculaire est installée, aucun agent 
antibiotique n’a d’action appréciable. 
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Editorial 


The World Health Organization and Tuberculosis 
Aims, Objects, and Accomplishments 


Early in its existence the World Health Organization decided to give a high 
degree of priority to tuberculosis. The first step was the setting up of an Expert 
Committee' which met for the first time in 1947 ; altogether five sessions have been 
held. 

The time now appears ripe for a review and evaluation of the work so far ac- 
complished in order that any ineffective techniques may be discarded and more 
modern ones added as new knowledge is gained. 

The Expert Committee recommended that certain techniques should form the 
basis of the work of the Organization in countries which ask for services in tuber- 
culosis control. Briefly, these techniques may be summarized as follows: 


The determination of the extent of the problem in each country: A schedule has been pre- 
pared covering the essential data necessary for the assessment of the present means and 
facilities at the disposal of countries, the manner in which these facilities are being used, 
and the additional facilities required. In most cases these schedules have been completed 
by members of the secretariat, but in other instances local experts have made valuable 
contributions to the information received. Schedules have been completed for some thirty- 
three countries, and the comparable information is of the greatest value in guiding WHO 
authorities in allocating equiyiment and personnel. The schedules form an international 
compendium of tuberculosis work in widely separated countries and will be enlarged and 
kept up to date with the passing of time. 

Recruitment and training of personnel: This matter is considered to be of paramount 
importance, since shortage of skilled staff is a feature common to all countries with under- 
developed programs. The problem is particularly severe in Asiatic countries, for example, 
India, where well over one thousand tuberculosis experts are required instead of the mod- 
est two hundred odd now available. The four special fields in which special training is re- 
quired are administration, epidemiology, laboratory, and clinical work. Traveling fel- 


1 The first three members were Dr. P. D’Arcy Hart, Medical Research Council, London; 
Dr. Herman E. Hilleboe, at that time with the United States Public Health Service, Wash- 
ington D. C.; and Dr. Johannes Holm, State Serum Institute, Copenhagen. In 1949 the 
committee was expanded to include Dr. Soliman Abaza, Bey, Adviser, Misr Weaving & 
Spinning Co., Cairo; Dr. J. I. Baldo, Chief, Tuberculosis Division, Ministry of Health and 
Social Welfare, Caracas, Venezuela; Professor E. Bernard, Professeur A la Faculté de Méde- 
cine de l'Université de Paris, France; Dr. P. V. Benjamin, Tuberculosis Adviser, Directorate 
General of Health Services, New Delhi, India; and Dr. I. Gonda, Chief, Tuberculosis 
Control Division, Department of Public Health for Slovakia, Bratislava, Czechoslovakia. 
A representative from the U. 8. 8. R. was invited to attend meetings, but was unable to be 
present. For future meetings members of the Expert Committee will be drawn from a panel 
of some 50 members. 
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lowships have been granted to many medical men, and these have been provided by 
WHO, the United Nations International Children’s Endowment Fund, and other agen- 
cies. WHO has advised on the most appropriate centers for Fellows and on the duration of 
fellowships. The guiding principle is that fellowships abroad shall be given only to more 
senior workers in key posts within their own countries who have a definite guarantee of 
returning to their work on completion of the fellowship grant. Altogether some fifty-five 
fellowships have been granted during the past four years to workers in countries as far 
apart as the Philippines and Mexico, Finland and Australia. 

In addition, WHO has, sometimes from its own financial resources and sometimes 
from funds available from other sources, cooperated with governments in establishing 
tuberculosis demonstration centers where intensive courses in control methods are taught 
to local doctors and ancillary personnel. These “‘local’”’ fellowships are available to local 
personnel whose aim is to propagate within the country the techniques used at the main 
centers and to use, as far as possible, their newly acquired knowledge in the more peripheral 
areas in which they may be working. From time to time it has also been possible to send 
consultants with special experience in certain branches, e.g., antimicrobial and collapse 
therapy, into countries to discuss relevant problems informally with local authorities and, 
on occasion, to give organized lectures on the more recent advances. In each of the six 
WHO regions (Africa, America, Eastern Mediterranean, Europe, South East Asia, and 
Western Pacific) there are also regional tuberculosis advisers whose functions include 
consultations with government officials and tuberculosis authorities in the different coun- 
tries within the regions. It has been the experience that personal visits from international 
authorities frequently play an important part in stimulating interest in tuberculosis work, 
not only among medical officers, but among politicians and others who are frequently in a 
position to translate recommendations of experts into active projects. 

Provision of physical facilities, supplies, and equipment for prevention, diagnosis, and 
treatment: This aim has been made possible by financial appropriations from the regular 
budget of WHO, from UNICEF, and by the more recently expanded program of Technical 
Assistance for Economic Development of Underdeveloped Countries. All aspects of pre- 
vention, diagnosis, and treatment are included in the program of the demonstration 
centers set up in a plan of operations which is prepared by the government concerned 
with the assistance of WHO staff. The work done at these centers depends on the standards 
already existing and on the local needs. There can be no “blue-printing” of a demonstra- 
tion project with the intention of making it world wide in application. Fundamentally, 
however, education of the public; supply of literature; tuberculin testing and BCG vac- 
cination of susceptible groups of the population; laboratory examination of bodily dis- 
charges by direct smear, concentration and culture tests, and, where possible, by animal 
inoculation, together with clinical diagnosis and roentgenographic interpretation, consti- 
tute the major activities of these centers. Local experts are frequently called upon to 
assist the imported personnel when this is considered desirable. 

During the past two years, WHO has had many requests from governments for the 
establishment of these centers, and it can well be understood how complicated the mech- 
anism may sometimes be when the center has to be equipped with laboratory and X-ray 
supplies many thousands of miles away, with international staff to be recruited from 
widely separated geographic areas, and with structural] and other alterations which have 
to be made locally before any project can be started at all. 

Nevertheless, Istanbul, El Salvador, New Delhi, Trivandrum, Patna, Rangoon, and 
Bangkok now have centers of the type referred to, and arrangements are proceeding for 
additional projects, some of them more limited in their function, in Ceylon, Formosa, 
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Egypt, Iran, Iraq, Ecuador, and elsewhere. The number of such centers to be established 
depends on two major factors: first, the availability of funds for the payment of equip- 
ment and personnel; and second, the availability of experienced personnel. Experience has 
already shown that competent team leaders in a tuberculosis project of the kind envisaged 
are certainly not available in large numbers. 

Information services: The preparation of documentation on recent developments of 
special importance in the tuberculosis field has constituted an important function of the 
work of the secretariat. Some of these memoranda have been published in the official 
journals of WHO, the Bulletin, the Chronicle, or in the Epidemiological and Vital Sta- 
tistics Reports, but the majority have been reproduced in mimeographed form for cir- 
culation to the regions, and, in particular, to field workers. The subjects covered have 
varied widely, e.g., chemotherapy, symposium on the tubercle bacillus, BCG on Sauton 
medium, techniques of tuberculin testing and BCG vaccination, detection of the tubercle 
bacillus, together with a number of special studies on the incidence of tuberculosis through- 
out the world. Abstracts of leading articles on many aspects of tuberculosis are made and 
given wide circulation to teamworkers and others interested in tuberculosis. 

Uniform procedures: Special attention has been given to the antimicrobial treatment of 
tuberculosis. In 1948 a subcommittee of experts met in New York and prepared a report 
which contained a number of recommendations which were subsequently sent to all mem- 
ber governments of the Organization. These recommendations were also applied to the 
streptomycin scheme initiated by UNICEF, over which WHO has given technical super- 
vision in some seven countries in Europe where supplies of the drug, given free of cost, 
have been used in concerted teamwork in the different countries receiving the supplies. 

Tuberculin testing and BCG vaccination have been the subject of study by a panel 
which met first in 1948, and in Copenhagen in 1949 WHO cooperated with UNICEF and 
the Scandinavian countries in a conference attended by experts from all countries in 
Europe which had wide experience in BCG vaccination. The report of that meeting has 
been prepared by the office of the International Tuberculosis Campaign in Copenhagen 
and contains valuable information on the experience of mass vaccination conducted during 
the years 1946-1949 in certain countries in Europe. 

Attempts have also been made to recommend uniform procedures in the classification 
of tuberculosis and to lay down recommendations concerning the role of mass radiology 
in tuberculosis control schemes; the detailed recommendations on these subjects are 
available in the reports of the Expert Committee. But perhaps one of the most important 
problems considered by WHO has been the control of tuberculosis in countries with under- 
developed programs. Here, stress has been laid on the need for surveys, recruitment and 
training of personnel, the great need for laboratory diagnosis, the function of the dis- 
pensary, and the value of the public health nurse with special reference to home visiting. 

The need for increased institutional accommodation has also been emphasized, but a 
strong plea has been made for countries with limited resources to consider the erection of 
inexpensive buildings rather than embark on lavish capital expenditure which might well 
prejudice other, and perhaps more important, aspects of the tuberculosis control schemes, 
owing to the limited amount of money available in most countries. 

Cooperation with other agencies: From the inception, the closest cooperation has (as 
will be noted from what has been said above) been carried on between WHO and the 
United Nations International Children’s Endowment Fund. WHO is equally anxious, 
however, that the efforts of other non-governmental organizations should be aligned to 
meet the needs which exist and which can be dealt with only partially from the funds 
available to intergovernmental organizations. The contribution of many voluntary asso- 
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ciations to tuberculosis work, especially in the period following World War II, is still 
fresh in the memory. It appears, however, that there is a great need for leadership in the 
international field by some voluntary organizations which can bring together and advise 
these voluntary bodies in some such manner as is now being attempted by the WHO in 
the intergovernmental field. 

It is the earnest wish of most people that the International Union against Tuberculosis 
should be the body to be charged with this responsibility, and it is of interest to note that 
the National Tuberculosis Association of the United States has taken a leading part in 
the councils of the International Union in an effort to raise the status of the Union in this 
important field. The Union has a great heritage and tradition, with forebears such as 
Philip, Calmette, Leon Bernard, and Charles Hatfield, but the great advances made 
during recent years in tuberculosis prevention, diagnosis, and treatment make it im- 
perative that the Union extend its activities and share with official intergovernmental 
organizations in the van of progress. 


Such, then, is a brief account of the foundations on which the World Health 
Organization has been building its tuberculosis program during the short period 
which has passed since its inauguration. Those who have worked in the services 
of states, cities, or even smaller communities, are well aware of the time and 
patience required and the difficulties experienced in obtaining financial allot- 
ments for elaborating schemes which are likely to meet with success and which 
are based on sound theory and practice. It has, indeed, taken more than forty 
years for the more advanced countries to reach their present relatively high 
state of development, even in the absence of long distances between different 
centers when telephone communication is easy and meetings can be arranged at 
relatively small expense. Translate this same mechanism into the sphere of inter- 
national organization and it will be obvious how much more difficult it is to 
elaborate a system which will work smoothly, rapidly, and with a high degree of 
efficiency. 

One example may be given. The Expert Committee members who have been 
responsible for the general plan on which the tuberculosis policy of the Organiza- 
tion is based and who meet normally once a year have, collectively, to cover not 
less than twenty-two thousand miles from the time they leave their homes until 
they return. The cost to WHO is in the neighborhood of ten thousand dollars, 
although no remuneration is given for attendance other than a living allowance 
during the period of the meeting. Individual members of the secretariat have like- 
wise to cover enormous distances in the execution of their duties, and, as most of 
the travel is done by air, the cost is proportionately high. Language difficulties 
complicate the situation still further and, even though health activities are out- 
side the boundaries of politics and racial differences, there are numerous instances 
where it is necessary to obtain field officers who can act with the judgment of a 
jurist and at the same time display an intimate knowledge of international re- 
lationships which are considered the prerogative of foreign-office diplomats. 

In all branches of work the officers sent from WHO to countries must have had 
wide experience in their special fields, for frequently they are brought into con- 
tact with authorities of wide experience in all the countries they visit and must 
command the respect which comes from a comprehensive knowledge of their sub- 
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ject. If the total number of local experts falls far short of the number essential 
for success of an antituberculosis campaign in many places, there are nevertheless 
men of the highest standing to be found almost everywhere, and it is with these 
that visiting consultants usually discuss current and future problems. It is not 
unusual to find that there is complete agreement between imported personnel 
and local authorities, and often the main function of the visiting expert is to 
support the policy on which there is mutual agreement so that schemes already 
formulated can be given the added weight and impetus from international tech- 
nical support. 

It is much too early to assess the long-term value of assistance and advice 
given to countries under the WHO plans for tuberculosis control, and it would 
certainly not be wise to accept as of permanent value the initial successes which 
have been recorded in one or other of the directions referred to above. So far, 
however, it can be said that the system of regionalization and decentralization 
is working well and that international personnel are cordially welcomed in prac- 
tically all countries which seek help. The “demonstration team’’ technique is 
without question creating yet another link in international understanding on 
tuberculosis matters, and it is reasonable to assume that the more thoroughly 
these links are forged, the stronger will be the final bond between countries in 
their antituberculosis programs. 

The challenge of tuberculosis control throughout the world is enormous and 
will not be met on any short-term policy, or even by one organization. The lead 
can, however, well come from such an organization as WHO. Working alone 


it will accomplish relatively little; with reinforcements from other intergovern- 
mental and voluntary agencies, there are bright prospects ahead. 
J. B. McDovGat. 
Chief, Tuberculosis Section 
World Health Organization 
Geneva, Switzerland 


American Trudeau Society 
Medical Section of the National Tuberculosis Association 


NOTES 


MEMBERSHIP IN THE AMERICAN TRUDEAU SOCIETY 


Physicians in good standing in the medical profession in the United States, Canada, 
and other countries may apply for membership in the Society. In addition to the nationally 
constituted American Trudeau Society, there are state and regional ATS sections in the 
United States with which a physician may become affiliated. The state and regional 
meetings of the ATS sections provide opportunities for additional association with physi- 
cians and surgeons interested in pulmonary and other thoracic diseases. 

The dues for Active Membership in the American Trudeau Society are $12.00 per 
year. Active Membership includes membership in the National Tuberculosis Association, 
a year’s subscription to Taz AmericaN Review or TUBERCULOSIS, a subscription to the 
monthly BuLuetin of the Association, and the Transactions of the Annual Meeting of 
the National Tuberculosis Association. 

Associate membership, at the special rate of $5.00 per year, is available, provided the 
application for such membership is made within five years of graduation from medical 
school. This includes membership in the National Tuberculosis Association, but not a 
subscription to Taz American Review or TUBERCULOSIS. 


LAENNEC SOCIETY OF PHILADELPHIA 


The Laennec Society of Philadelphia will award a prize of $200.00 for the best paper 
submitted in any field related to diseases of the chest. This prize is open to undergraduates, 
interns, residents, or Fellows throughout the United States. The work should be original 
and not a review of the literature or of previous contributions. The society does not re- 
serve the right of publication but requests that the prize-winning paper be presented at 
one of its regular scientific meetings. 

Five copies of the manuscript should be submitted in the customary form for pubica- 
tion, i.e., double space and with wide margins. They should be in the hands of the secre- 
tary of the Society, Dr. Katharine R. Boucot, 311 South Juniper Street, Philadelphia 7, 
Pennsylvania, by October 1, 1951. 
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CLINICAL STUDIES, TUBERCULOSIS 


Tuberculous Pericarditis—Of 21 patients 
with tuberculous pericarditis studied, all were 
males and were almost equally divided be- 
tween whites and Negroes. The tuberculous 
etiology was proved bacteriologically in 14 
cases and histologically in 3. In 4 cases extra- 
pericardial tuberculous lesions were present. 
All 21 patients had circulatery failure; 18 
had pieural effusion before, during, or after 
the onset of the pericarditis. Of the 19 patients 
with pericardial effusion proved by aspiration, 
17 were treated primarily with streptomycin. 
The majority of patients received 1 to 2 gm. 
of streptomycin daily for 60 to 120 days. Two 
patients received, in addition, intrapericardial 
instillations of streptomycin. After treat- 
ment with streptomycin was started, the 
symptoms of circulatory failure improved or 
disappeared in 8 of the 17 cases. Of these 8 
patients, one died subsequently of tubercu- 
lous meningitis, the remainder have been fol- 
lowed five to twenty-four months without 
evidence of recurrence. Of the 9 patients who 
did not respond to streptomycin, 5 died: one 
of tuberculous meningitis, one of miliary tuber- 
culosis, 2 probably of air embolus, and one of 
circulatory failure. Of the remaining 4 pa- 
tients in this group, 3 underwent pericardiec- 
tomy with 2 good results and one postopera- 
tive death. The fourth patient is awaiting 
pericardiectomy. In 2 patients a tuberculous 
abscess of the chest wall occurred at aspira- 
tion sites. Four patients, 2 with and 2 without 
known pericardial effusion, had pericardiec- 
tomy as primary treatment with streptomycin 
therapy as an adjunct during or after the 
surgical period. Circulatory failure was re- 
lieved in all 4 patients.—T'uberculous pericar- 
ditis treated with streptomycin, A. Falk & 
R. V. Ebert, J.A.M.A., February 3, 1961, 
145: 810.—(H. Abeles) 
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WTuberculous Pericarditis——Of 31 cases of 
tuberculous pericarditis, 23 were in men and 
8 in women. Twenty-four (77 per cent) of 
the patients were less than 26 years of age. 
In 27 cases the pericarditis developed in the 
primary stage of the tuberculous infection 
and usually at the time at which pleurisy 
might be expected, that is, three to seven 
months after the primary infection. It is 
therefore presumed that the spread occurred 
from tuberculous mediastinal nodes and not 
via the blood stream. The pericarditis in 4 
cases, however, was associated with advanced 
pulmonary tuberculosis. Of the 10 deaths, 8 
occurred in the group of 12 patients who had 
tuberculous pericarditis before they reached 
21 years of age. Thus, the prognosis in the first 
two decades was poor; early treatment with 
streptomycin and other chemotherapeutic 
agents probably will influence the course bene- 
ficially. Clinically, a transient pericardial fric- 
tion rub was heard in only 12 of these cases. 
Diastolic and systolic murmurs were com- 
mon and sometimes so loud as to suggest 
an erroneous diagnosis of endocarditis. Such 
murmurs disappeared with the adsorption of 
the pericardial fluid. The pericarditis occasion- 
ally constituted the dominant feature of the 
disease with high fever, poor general condition, 
and pronounced symptoms of congestive heart 
failure. In other cases, the pericarditis was 
not detected until the patient noted dependent 
edema or the discovery was made on a routine 
chest film. The electrocardiogram revealed 
low voltage and elevated S-T segments usu- 
ally in all leads, returning to normal within a 
week or several months. Tuberculous peri- 
carditis is more frequent «han earlier be- 
lieved. The differential diagnosis between tu- 
berculous and rheumatic pericarditis may be 
difficult; in tuberculous pericarditis the effu- 
sion is generally larger than in rheumatic 
pericarditis. Tubercle bacilli are seldom found 
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in the pericardial fluid so that the correct 
diagnosis must be made by the history and 
the course of the disease —Tuberculous peri- 
carditis, L. Sdderhjelm & B. Carstensen, Acta 
tuberc. Scandinav., 1960, 25: 108.—(K. T. 
Bird) 


Hemoptysis in Tuberculosis.—A twenty- 
four-hour diurnal variation in the vital capac- 
ity of tuberculous patients is described. Simi- 
larly, the incidence of hemoptysis in pulmo- 
nary tuberculosis follows a diurnal rhythm with 
peaks of incidence between 6 and 9 P.M. and 
between 6 and 9 A.M. In 85 instances where 
the vital capacity was known, pulmonary 
hemorrhage showed a clear relation to the 
declining ‘phase of the vital capacity. Ac- 
cordingly, since the decrease in vital capacity 
means an increase in pulmonary hyperemia 
the majority of the hemoptyses occur during 
the phase of increasing and maximal pul- 
monary hyperemia.—Lungenblutung und 24- 
Stundenrhythmus (Studien zur Klinischen Rhy- 
mologie III), E. Dissmann, Acta tuberc. 
Scandinav., 1950, 24: 277.—(K. T. Bird) 


Incubation Period of Tuberculosis.—The 
incubation period of tuberculosis is defined as 
the interval between the time of infection and 
the first clinical signs of tuberculosis, usually 
the onset of fever or erythema nodosum in an 
individual with previously negative tuber- 
culin tests. It may also be manifest by pain 
beneath the sternum or in one hemothorax. 
Final confirmation in this event is not always 
obtainable until somewhat later. In a series 
of 65 cases with a known incubation period, 
16 had been exposed to infection for less than 
24 hours, 29 had been exposed between 24 
hours and fourteen days, and in 20 cases the 
exposure time exceeded fourteen days. Of 
the group exposed to infection for less than 
24 hours, 13 cases had incubation periods of 
40 to 45 days. There were 3 exceptions in this 
group, 2 with an incubation period of 31 days 
and one with an incubation period of 46 days. 
Analysis of the entire material indicated that 
the incubation period of tuberculosis is ap- 
proximately 40 days in the great majority of 


cases. The shorter the exposure time, the more 
accurately the time of infection can be de- 
termined. Data from the Tuberculosis Station 
of the isolated Faroe Islands during 1939 and 
1947 was utilized for this epidemiologic study. 
—Some clinical features of tuberculosis: I. In- 
cubation period, A. Poulson, Acta tuberc. Scan- 
dinav., 1950, 24: 8311.—(K. T. Bird) 


Infants of Tuberculous Mothers.—The in- 
cidence of prematurity is exceedingly high in 
the offspring of tuberculous mothers, ranging 
from 23 to 64 per cent depending on the sever- 
ity of the disease in the mother. The pre- 
maturity is related to the severity of the 
disease in the mother, not because of the 
tuberculous infection but because of the im- 
poverished nutritional status of the mother. 
An infant, immediately removed from con- 
tact with the tuberculous mother and main- 
tained in an environment free of tuberculosis, 
does not develop tuberculosis. Although con- 
genital tuberculosis does undoubtedly occur, 
no case of transplacental tuberculosis was 
encountered in a series of 260 births even 
though 17.6 per cent of the mothers died of 
advanced tuberculosis shortly after delivery. 
A standard diet of evaporated milk, dextri- 
maltose with the supplementation of ascorbic 
acid, oleum percomorphum, and casec given 
to premature as well as to full-term infants 
born of tuberculous mothers resulted in a 
growth pattern and development comparable 
to that observed in premature and full-term 
infants born of healthy mothers (Author’s 
summary).—Fate of infants born of tubercu- 
lous mothers, B. Ratner, Quart. Bull., Sea 
View Hosp., January, 1951, 12: 1—(K. T. 
Bird) 


Primary Pulmonary Tuberculosis—The more 
common types of postprimary complications 
and sequelae were studied in 600 cases of 
tuberculosis in children ranging in age from 
six months to thirteen years. Of these, 51 
per cent were Negro, 31 per cent were white, 
and 18 per cent were from Puerto Rico. The 
over-all mortality was 2.5 per cent. This is 
representative of those with more extensive 
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disease who have survived the earliest dangers 
of primary infection. Definite pulmonary cavi- 
tation occurred at the site of the primary 
focus in 4 per cent and was associated with a 
high incidence of hematogenous dissemination 
or more often with bronchogenic spread. The 
radiologic shadow of “epituberculosis” was 
seen in 89 children, the majority of whom were 
less than three years of age. The condition, 
ascribed to an allergic, nonspecific perifocal 
reaction, was often indistinguishable from ate- 
lectatic or caseous areas and probably repre- 
sents varying degrees of each of these three 
elements. Regardless of its nature, the course 
of this complication tended to be benign. 
In some cases, however, fibrotic scarring en- 
sued and among these a few cases of silent 
bronchiectasis were found. Bronchial distor- 
tion occurred at the site of large primary foci. 
Miliary pulmonary tuberculosis developed as 
a part of massive hematogenous dissemination 
in 1.2 per cent. These well-disserainated, sym- 
metrical, nodular infiltrations of the lung were 
differentiated from bronchogenic spread. Tu- 
berculous meningitis, which usually developed 
early, occurred in 2.4 per cent. Osseous tuber- 
culosis, most frequently of the vertebrae, was 
present in 8.2 per cent and although consi- 
dered a late manifestation of the disease was 
found in conjunction with early as well as 
healed primary lesions. This study is not a 
strict statistical review since the patients 
studied were well beyond the first two or 
three months of illness—The complications 
and sequelae of primary pulmonary tuberculo- 
sis, P. I. Tsai & W. J. Bashe, Jr., Quart. Bull., 
Sea View Hosp., October, 1950, 11: 129.— 
(K. T. Bird) 


Pathology of Tuberculosis.—The distribu- 
tion of tuberculous lesions in 127 resected 
pulmonary specimens were studied. Of these, 
99 were from pneumonectomy, 22 from lobec- 
tomy, and 6 were from segmental resection. 
Streptomycin had been given in 107 cases. 
No pathologic changes attributed to strepto- 
mycin were noted. The incidence of endobron- 
chial tuberculosis was high. In all specimens, 
sections were taken at the resected end of the 


bronchus. On microscopic examination 44 (35 
per cent) presented tubercles, caseation, or 
ulceration. It may be assumed that the distal 
portion of the bronchial stump remaining in 
the patient had similar lesions. In these speci- 
mens with tuberculosis of the resected bron- 
chial stump 50 per cent had endobronchial 
tuberculosis, bronchiectasis, or both in the 
distal bronchial tree. Of the remaining 83 
cases with a negative bronchial stump, study 
of the distal bronchial tree in the resected 
specimens revealed 27 with endobronchial tu- 
berculosis, 10 with bronchiectasis, and 8 with 
both, a total of 54 per cent. Thus, the pathol- 
ogy of the bronchial stump does not reflect 
the pathology of the distal bronchial tree. 
In lobes having cavitation, the bronchi were 
involved in 70 (45 per cent); with endobron- 
chial tuberculosis of an upper lobe bronchus, 
there was almost always (95 per cent) a cav- 
ity in that lobe. It is of interest that in the 9 
cases developing a bronchopleural fistula after 
surgery there was neither gross nor micro- 
scopic evidence of tuberculosis of the stump 
of the specimen removed. Apparently the 
cause or causes of postoperative broncho- 
pleural fistula is not related to tuberculosis 
of the bronchial stump. Representative sec- 
tions of the peribronchial lymph nodes were 
examined and of these 52 showed gross evi- 
dence of tuberculosis.—The pathology of ex- 
cised tuberculous pulmonary specimens, S. H. 
Stern & T. Ehrenreich, Quart. Bull., Sea View 
Hosp., October, 1950, 11: 149-—(K. T. Bird) 


Tuberculous Lymphadenitis.—The authors 
report 2 cases of axillary (including one epi- 
trochlear) and 3 cases of inguinal tuberculous 
lymphadenitis. In 4, the physical signs were 
similar to those of cervical lymphadenitis. 
In 2, there were no other tuberculous lesions. 
The condition is usually secondary to a focus 
elsewhere in the body. For nodes in the axilla, 
the primary source is usually cervical, medias- 
tinal, or mammary. For those in the groin, 
the primary is usually genital, abdominal, or 
in a joint. A local infection through a skin 
abrasion also may be responsible. In a few 
cases, no other cause is found. In the present 
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series of 5 cases, medical treatment was un- 
availing in 2 and surgical excision was neces- 
sary.—Tuberculous glands in the axilla and 
groin, H. Hinden, S. G. Nardell, & 8. Anab- 
tawi, Tubercle, January, 1951, 32: 2.—(A. G. 
Cohen) 


Tuberculosis of the Skin.—A series of 336 
cases of skin tuberculosis was analyzed. In 
167 (50 per cent), one or several manifesta- 
tions of tuberculosis preceded the skin condi- 
tion. These included erythema nodosum; hilar 
and cervical adenitis; and pleural, pulmonary, 
skeletal, and ocular tuberculosis. The interval 
between the earlier manifestation and appear- 
ance of the skin lesion was up to five years in 
35 per cent, six to ten years in 20 per cent, 
and eleven or more years in 15 per cent. In 
19 per cent it was longer than twenty-five 
years and in 4 cases it was more than fifty 
years. A short interval was more frequent 
with lupus vulgaris than with erythema in- 
duratum. A short interval (up to five years) 
was more frequent in patients who had their 
first manifestation at the age of twenty years 
or later. It is concluded that skin tuberculosis 
is diagnosed considerably later after the pri- 
mary infection than pulmonary tuberculosis. 
It occupies the same position in the time- 
table as renal tuberculosis.—The relation be- 
tween tuberculosis of the skin and primary 
infection, H. J. Ustwedt & I. W. Stensen, 
Tubercle, February, 1951, 31: 8386—(A. G. 
Cohen) 


Tuberculoma of the Myocardium.—Myo- 
cardial tuberculosis was found during an au- 
topsy and is the first such case reported in 
Peru. The patient had clinical pulmonary 
tuberculosis for several years with cardiac 
symptoms for a briefer period, and died sud- 
denly. A tuberculoma measuring 9 by 5 cm. 
was found in the myocardium.—Tuberculoma 
del corazéin, J. Campos R. de C. & F. Maran- 
gana L., Rev. tuberc., January-June, 19650, 
10: 12.—(A. A. Moll) 


Effect of Altitude on Tuberculous Asthma- 
tics.—Of 49 patients with pulmonary tuber- 
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culosis complicated by bronchial asthma, 40 
(81.6 per cent) obtained complete or nearly 
complete relief from their asthma, and 6 ob- 
tained partial relief when taken to the Swiss 
mountains (Davos) for treatment. In 39 of 
these 40 patients, the tuberculosis also healed. 
All except one of the 6 patients in whom the 
course of the tuberculosis was unsatisfactory 
belonged to the group not experiencing relief 
from their asthma. The 4 remaining patients 
recovered from their tuberculosis in spite of 
their asthma. The patients ranged in age from 
17 to 57 years, and the disease ranged from 
early minimal to long-standing, far advanced 
tuberculosis with cavitation. The results 
seemed to be more favorable in the younger 
age group. Because of the specific effect of 
altitude on bronchial asthma the high moun- 
tains are the indicated place of recovery for 
tuberculous asthmatics. — Behandeling van 
Longtuberculose in het Hooggebergte bij Lijders 
aan Asthma Bronchiale, P. C. Gugelot, Nederl. 
tijdschr. v. geneesk., November 18, 1950, 94: 
8281.—(J. van der Vate) 


Bronchography in Children. — Broncho- 
graphic studies were made in children with 
primary pulmonary tuberculosis and atelec- 
tatic collapse of a lobe or a segment. In pri- 
mary tuberculosis, simple infiltration is the 
exception; atelectasis is the rule. The cause of 
the collapse may be compression by enlarged 
lymph nodes or lesions that seem to arise 
from the bronchial wall itself. The bronchus 
of the middle lobe is by far most frequently 
affected. Infiltration and atelectasis frequently 
coexist, one or the other predominating. In 
this series of cases, bronchograms demon- 
strated total or partial obstruction of the 
bronchi, some of which were compressed by 
enlarged lymph nodes producing defects with 
smooth contours. In others, the constriction 
from the bronchial wall itself resembled a 
ligature or a tumor. Distal to the obstruction, 
bronchial dilatation was the rule. Sometimes 
bronchial obstruction rapidly caused irrepar- 
able damage to the bronchial tree of a young 
child. A frequent finding in primary tubercu- 
losis with atelectasis and bronchial obstruction 
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and dilatation is the so-called “string bean” 
effect. Along the dilated bronchus are circular 
incomplete constrictions at regular intervals, 
the “wavy” walls resembling a string bean. 
This is typical of bronchial obstruction in 
primary tuberculesis whether the lesions are 
recent or long standing. If the obstruction 
disappears, the atelectatic image disappears 
completely, and the bronchus regains almost 
its normal aspect.—Bronchography in chil- 
dren, E. Rivero, Am. J. Roenigenol., February, 
1951, 65: 178-——(T. H. Noehren) 


Pneumoperitoneum for Tuberculosis.—A 
total of 226 patients received pneumoperi- 
toneum. These were grouped as follows: (1) 
pneumoperitoneum with or without phrenic 
paralysis; (2) pneumoperitoneum as the initial 
treatment, in anticipation of other procedures; 
(8) pneumoperitoneum combined with other 
procedures, except phrenic paralysis. Group 1 
contained 164 patients, of whom 107 also re- 
ceived a phrenic operation. Many were treated 
at home. Pneumoperitoneum proved very 
valuable, especially when combined with 
phrenic paralysis. The pneumoperitoneum was 
given first, and the patient was observed for 
a few weeks. The need for phrenic paralysis 
then was determined. Of 74 patients who re- 
ceived the combined procedures, the disease 
became arrested in 13 and quiescent in 14. Of 
29 patients without phrenic paralysis, 5 be- 
came arrested and 3 quiescent. The pneumo- 
peritoneum has beer: maintained for an uaver- 
age of twenty-one months. Of the 164 cases, 
the procedure was continued for as long as 
desired in 18, and is still being given in 92. 
Of the remaining 54, it was abandoned in 32 
shortly before death and in 15 because of com- 
plications; the collapse was unsatisfactory in 
5. In group 2 there were 34 patients, including 
31 with phrenic paralysis. In 18 cases, pneu- 
moperitoneum was ineffective; in 6, atelectasis 
resulted; and in 10, it was partially effective 
in that it helped to prepare the patient for 
further therapy. In group 3, there were 28 
cases in which pneumoperitoneum was com- 
bined with other therapy. The treatment was 
effective in 10, partially effective in 15, and 


ineffective in 3. The indications for pneumo- 
peritoneum are: (1) cases in which artificial 
pneumothorax has failed, (2) cases in which 
artificial pneumothorax is contraindicated, (8) 
chronic disease with persistent activity, (4) to 
control hemorrhage, (6) to provide stabiliza- 
tion before proceeding to pneumothorax or 
surgery, (6) treatment of lower lobe cavities, 
and (7) after lobectomy to fill in the dead 
space. In view of the shortage of beds, it is 
especially useful as it can be started at home 
and continued in the clinic. It is contraindi- 
cated in (1) very advanced disease, (2) seri- 
ous heart disease, ($) severe abdominal dis- 
ease, and (4) severe tracheobronchial tubercu- 
losis. In the entire series, 35 per cent of cases 
became arrested or quiescent. Cavity closure 
was obtained in 43.5 per cent.—The role of 
pne its in the treatment of pulmo- 
nary tuberculosis, E. L. Williams, Tubercle, 
February, 1951, 32: 26.—(A. G. Cohen) 


Artificial Pneumoperit m.—Spontane- 
ous pneumothorax is an occasional complica- 
tion of artificial pneumoperitoneum. The 
causes are: (1) The refill needle enters the 
pleural cavity. (2) The muscles of the dia- 
phragm and serosa of the peritoneum are 
congenitally deficient. Mediastinal e1- 
physema occurs independently. (4) Bullae de- 
velop on the pleural surface of the diaphragm. 
(6) Rupture of the diaphragm occurs. A case 
is reported in which artificial pneumoperi- 
toneum was being given. A routine roentgeno- 
gram showed shadows which appeared to rep- 
resent bullae over the right diaphragm. 
Following a coughing spell, the patient de- 
veloped a right pneumothorax and the pneu- 
moperitoneum deflated itself. The pneumo- 
thorax was continued. Thoracoscopy showed 
a reddened area on the diaphragm which was 
suspicious of a previous rupture.—Rupture of 
the diaphragm as a cause of spontaneous pneu- 
mothorax complicating artificial pneumoperito- 
neum, V. Wynn-Williams, Tubercle, December, 
1950, 31: 280.—(A. G. Cohen) 


Indications for Phrenic Paralysis.—The pro- 
duction of phrenic paralysis sometimes affords 
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a suitable means of utilizing to best advantage 
the natural retractile tendencies of pathologic 
tissues to promote their healing. Responses to 
a questionnaire sent by the author to French 
phthisiologists confirm his conviction that 
there are still indications for the use of phrenic 
paralysis although it occupies a position of 
reduced importance among measures for pro- 
ducing pulmonary collapse. He concludes that: 
(1) Exeresis of the nerve should not be done. 
Section or crushing of the nerve including 
the destruction of motor branches and anas- 
tomoses is advised. (2) Pneumoperitoneum is 
particularly valuable, not only to supplement 
the effect of the phrenic paralysis but to make 
possible a better estimation of the validity of 
the indications. Preliminary alcohol injection 
of the nerve has been abandoned as giving 
uncertain results. (3) Phrenic paralysis should 
not be considered as a method for closing 
cavities unless they are basal or perihilar. (4) 
When the pleural surfaces have no adhesions, 
operations on the phrenic nerve are not indi- 
cated except to supplement or replace a pneu- 
mothorax. (5) Phrenic paralysis should be 
attempted only when pleural adhesions are 
fresh and the cavities are recent with healthy 
lung tissue surrounding them. (6) The con- 
comitant use of antibiotics broadens the indi- 
cations and improves the prognosis.—Quelle 
juste place doit-on garder a la paralsie phrénique 
dans la collapsothérapie du poumon? J. Lar- 
danchet, Poumon, November-December, 1950, 
6: 643.—(A. T. Laird) 


Thoracoplasty During Pregnancy.—Litera- 
ture on thoracoplasty during pregnancy is 
scanty and the relationship between pregnancy 
and tuberculosis is controversial. In one large 
series in 1935 the death rate was 35 per cent 
in pregnant patients and 33 per cent in the 
non-pregnant, the difference being negligible. 
The character of the lung lesion rather than 
the pregnancy is now considered the important 
factor in the prognosis. In view of the grave 
potentialities of cavernous lung disease with 
positive sputum to the community, the pa- 
tient, and offspring, thoracoplasty in preg- 


nancy might well be further explored. Three 
instances are recorded in which partial thora- 
coplasty was performed during pregnancy with 
uneventful recoveries and sputum conversion. 
There was no apparent difficulty with preg- 
nancy, parturition, or the puerperium; both 
mothers and children remained well.—Observa- 
tions on thoracoplasty during pregnancy, J. P. 
McIntyre, J. Thoracic Surg., June, 1950, 19: 
882.—(R. E. MacQuigg) 


Bronchial Perforation.—Tuberculosis of the 
hilar nodes is less innocent than might be ex- 
pected. Subjectively and objectively, the pa- 
tient shows few symptoms. Perforation of a 
peribronchial node into a bronchus, however, 
may give dramatic symptoms. Violent dys- 
pnea and asphyxia with severe coughing may 
result. The mucus of the throat or vomitus 
may be found to contain caseous matter. In 
addition to the larger hilar nodes the chest 
film shows widespread pulmonary lesions. Un- 
less the caseous matter is removed by aspira- 
tion, death is likely. Fortunately, most per- 
forations run a less catastrophic course. In 
the early stage a ganglionic mass protrudes 
from the bronchial wall. As a result of edema 
and hyperemia of the mucosa, bronchial occlu- 
sion may occur with obstructive pneumonitis 
distal to the stenosis. Bronchoscopically, a 
hemorrhagic and occasionally granulating area 
may be observed. The node may be seen 
through the thin layer of mucosa as a gray- 
yellow mass and may resemble a ripe furuncle 
about to burst. Bronchoscopy with slight local 
pressure or superficial curettage of the mucosa 
is sufficient to bring about the perforation. 
At the stage of spontaneous perforation a 
granulating fistula with discharging caseous 
material, poor in bacilli, can be seen broncho- 
scopically, cough increases, and hemoptysis 
may occur. As the bronchial lumen becomes 
constricted by the protrusion of the necrotic 
mass and the considerable swelling of the 
mucosa, the typical picture of obstructive 
pneumonitis develops. Occasionally the aper- 
ture of the fistula is so small that a flake of 
mucus must be wiped away in order to see it. 
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If the node has been partly or entirely emptied 
by coughing, the planigram or bronchogram 
will reveal a “cavity” or excavation near the 
bronchial wall. Bronchoscopically, a small 
pocket may be seen. The aperture diminishes in 
the healing stage, the node becomes indurated, 
and the cavity is gradually reduced. In the 
residual stage with a minimal perforation only 
a sharply defined whitish-gray scar on the 
bronchial wall may remain. With larger le- 
sions, constriction and distortion of the bron- 
chial wall results. The symptoms remaining 
after the inflammatory process has healed will 
depend upon the condition of the bronchus and 
lung. If bronchial stenosis has resulted, non- 
tuberculous inflammation may occur distal to 
the constriction, thus promoting the formation 
of bronchiectasis. All the symptoms of chronic 
bronchiectasis may appear in due course. 
Treatment of perforation of a node consists of 
frequent bronchoscopic removal of caseous 
material and granulation tissue. Dissemina- 
tion was not observed in 31 patients thus 
treated, presumably because of the paucity of 
bacilli in the caseous material. Perforation was 
suspected when obstructive pneumonitis de- 
veloped in the course of pulmonary tubercu- 
losis, when planigraphic studies showed an 
abnormality of the bronchial wall, and finally 
when intermittently positive sputum was 
found in the absence of parenchymal foci.— 
Perforation of tuberculous glands into a bron- 
chus, J. K. Kraan & S. Muller, Acta tuberc. 
Scandinav., 1950, 24: 88.—(K. T. Bird) 


Evaluation of Apicolysis.—Apicolysis was 
done in connection with thoracoplasty in 148 
cases while 134 patients had thoracoplasty 
only. On the whole, apicolysis does not seem 
to have much effect. In cases of apical cavities, 
the number of healthy patients is slightly 
greater among those with apicolysis although 
the difference is not significant. Most of the 
apicolyses were satisfactorily performed, 123 
of 148 being major. Subscapular infection 
occurred in 3 per cent of the apicolysis group 
and in none of the others; the material dates 
before the use of penicillin and streptomycin. 


Horner’s syndrome occurred in 7 apicolysis 
patients but in only one case where apicolysis 
was not used. Other complications were ap- 
proximately evenly divided between the 2 
groups. Supplementary thoracoplasty became 
necessary in 16 per cent of the nonapicolysis 
group and 11 per cent of the apicolysis group, 
answering the objection that apicolysis may 
drop a cavity below the area of extensive 
collapse and allow it to remain as a residual 
cavity. For some time to come, it will be ad- 
visable to apply apicolysis only in cases of 
purely apical processes for which a minor api- 
cal thoracoplasty is planned.—An evaluation 
of apicolysis in thoracoplasty, F. Hagn-Meincke, 
J. Thoracic Surg., June, 1950, 19: 8538.— 
(R. EB. MacQuigg) 


Surgery for Tuberculomas.—Skin tests are 
often as confusing as they are helpful in es- 
tablishing the preoperative diagnosis of tuber- 
culoma. Removal is advisable because no medi- 
cal treatment will clear these nodules. Assays on 
5 of them indicate that streptomycin does not 
penetrate the fibrous wall. Moreover, they 
may persist for years apparently unchanged, 
then cavitate and break their barrier with an 
acute tuberculous pneumonic flare-up. Paren- 
chymal round lesions by the law of averages 
are mostly tuberculous but they can be neo- 
plasms. Seven of the solid round lesions 
removed during the same period as 48 tubercu- 
lomas were tumors; of these, 4 were malig- 
nant. Removal can be accomplished by surgi- 
cal means which will not cripple the patient 
but can restore his peace of mind and useful- 
ness. The operative risk is low. In this series 
there were no operative deaths. Wedge resec- 
tion was employed in 30 cases, segmental re- 
section in 2, and lobectomy in 16. Postopera- 
tive tuberculous pleuritis or dissemination of 
the process did not occur but after seven and 
nine months, respectively, 2 cases developed 
evidence of tuberculosis in another lobe; both 
cases had lobectomies performed.—The surgi- 
cal treatment of round tuberculous pulmonary 
lesions (tuberculomas), H. W. Mahon & J. H. 
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Forsee, J. Thoracic Surg., May, 1950, 19: 
724.—(R. E. MacQuigg) 


CLINICAL STUDIES, NONTUBERCULOUS 
DISEASES 


Brucellotic Scrofuloderma.—A man, 62 
years old, for several years had a dermatosis 
of the arms associated with a persistent, dis- 
figuring, nodular, subcutaneous ulceration 
over the anterior aspect of the neck and the 
submaxillary area. Tuberculosis was consid- 
ered in the differential diagnosis. Roentgeno- 
grams failed to show any bone changes. 
Sensitivity tests proved positive both to Br. 
abortus and Br. melitensis. The case empha- 
sizes the possibility of mistaking for tubercu- 
lous manifestations certain types of Brucella 
infection.—Escréfula brucelosa, consideracies 
em torno de um caso, G. Pacheco, Rev. brasil. 
med., October, 1950, 7: 651.—(A. A. Moll) 


Allergic Granuloma of Lung.—A 49-year- 
old white man died in status asthmaticus ten 
days after his first attack of bronchial asthma. 


At autopsy, two tumor-like masses were found 
in the lungs: one, measuring 5 cm. in diameter, 
in the left upper lobe anteriorly; and one, 
measuring 1.5 cm. in diameter, at the base of 
the right upper lobe. Microscopic examination 
revealed exudative pneumonitis with necrosis 
and numerous vascular lesions. In addition, 
there were: infiltrates of eosinophilic leuko- 
cytes in the epicardium, stomach, small intes- 
tine, diaphragm, bone marrow, spleen, and 
lymph nodes; obstruction of tracheobronchial 
tree by mucopurulent plugs; acute fibrinous 
pleuritis of upper lobe of left lung; and fibrous 
pleuropericardial adhesions of left lung. The 
granulomas are believed to be of allergic ori- 
gin.—Allergic granuloma of the lung. Clinical 
and anatomic findings in a patient with bron- 
chial asthma and eosinophilia, J.C. Ehrlich & 
A. Romanoff, A. M. A. Arch. Int. Med., 
February, 1951, 87: 257.—(G. C. Leiner) 


Pneumonitis and Eosinophilia—The com- 
bination of pulmonary infiltrations with blood 
eosinophilia is a more protean disease than is 


commonly believed. Léffier’s syndrome and 
tropical eosinophilia are the 2 classic groups 
which have been described, principally in the 
foreign literature. The case presented occupies 
an intermediate position with resemblances to 
each of these syndromes but characteristic of 
neither. Until further investigation into this 
field provides us with greater knowledge, it is 
probably best to include cases of this type into 
the group of so-called “‘pulmonary infiltrations 
with blood eosinophilia, unknown etiology.”— 
Pulmonary infiltration with blood eosinophilia, 
A. D. Sheeran, Am. J. Med., February, 1961, 
10: 269.—(T. H. Noehren) 


Pneumococcal Pneumonia.—A compara- 
tive study has been made of pneumococcal! 
pneumonia as seen at Jefferson Hospital in the 
years 1937 to 1940 and 1946 to 1949. There has 
been no decrease in the rate of admission of 
patients with pneumococcal pneumonia. In 
recent years (1946 to 1949) there has been an 
increase in the occurrence of higher types of 
pneumococci, with a corresponding fall in 
lower types, especially Type I. There has been 
an increase in incidence of the disease in higher 
age groups, with an increase in mean age from 
39.9 years to 49.6 years. Typical physical 
findings of lobar consolidation were found in 
84 per cent of cases in the earlier group as 
compared with 47.2 per cent of cases in the 
later group. The percentage of septic compli- 
cations fell from 16 per cent to 7.7 per cent. 
This is probably the result of antibiotic ther- 
apy. The over-all mortality rate fell from 21.3 
per cent to 6.59 per cent. After the age of 40, 
the presence of chronic degenerative disease 
influences the mortality rate unfavorably (Au- 
thors’ summary).—Pneumococcal pneumonia 
at Jefferson Hospital, C. T. deBeradinis & 
A. M. de Andino, Am. J. M. Sc., January, 
1951, 221: 1.—(W. J. Steininger) 


Minor Respiratory Infections.—Among 
38,346 routine chest roentgenograms, 69 
showed transient abnormal shadows; the ratio 
was 1.8 per thousand. Cases with increased 
markings alone were not included. There was 
no particular seasonal incidence. All the pa- 
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tients were young adult males, none had re- 
ported being ill, and all recovered. Twelve 
were subject to coughs or bronchitis, six had 
had pneumonia previously, one had had in- 
fluenza, and one each had asthma and hay 
fever. Five never had symptoms; 3 developed 
them the following week; 6 had had symptoms 
four to six weeks before the examination; 4 
had them three weeks previously; 23, one 
week; and 16, less than one week. The symp- 
toms varied. Seventeen felt below par, 10 had 
abnormal temperature sensations, 3 had ano- 
rexia, and one had muscle pain. Only 2 really 
felt il. The duration of symptoms was seven- 
teen days to eight weeks, with an average of 
twenty-eight days. On physical examination, 
13 patients looked unwell, 3 showed herpes, 
and 2 had enlarged glands. All but 9 had nasal 
catarrh. There were abnormal chest findings 
in 31. Sputum examinations in 15 showed 
normal respiratory flora in 11 and pneumo- 
cocci in 4. Blood counts in 32 showed nothing 
remarkable. Erythrocyte sedimentation rates 
were mostly normal. Roentgenographically, 
the lesion was larger than the size of a bron- 
chopulmonary segment in 28, equal in 35, 
and smaller in 6. No lesion occupied an entire 
lobe other than the middle. The lesion was 
either a homogeneous large or mottled in- 
filtration. In some, there was compensatory 
emphysema suggesting a collapsed segment. 
Following disappearance of the shadow, in- 
creased markings often remained. Bronchial 
obstruction was considered a likely cause of 
the condition. The possibility of residual bron- 
chiectasis has to be considered. Treatment 
consisted of breathing exercises and avoid- 
ance of dehydration. The propernomenclature 
for the condition deserves consideration.— 
Minor respiratory infections, D. G. Wraith, 
Brit. J. Tuberc., January, 1961, 45: 156.—(A. 
G. Cohen) 


Candida Asthma.—The first recorded case 
of bronchial asthma due to Candida albicans 
is presented. The patient had an oral infec- 
tion due to Candida albicans preceding the 
onset of his respiratory symptoms by three 
months. From the history it is thought that 


the organism spread from the mouth to the 
respiratory tract. The infection in the bronchi 
persisted for six months before asthma became 
apparent. The patient demonstrated both the 
anaphylactic and the tuberculin types of hy- 
persensitivity to the infecting organisms. The 
anaphylactic type of hypersensitivity was 
demonstrated by large immediate skin reac- 
tions obtained with both the protein and car- 
bohydrate fractions of Candida albicans broth 
filtrate; the reactions were passively trans- 
ferred to two normal recipients. Delayed tu- 
berculin-type skin reactions were elicited by 
both the protein and carbohydrate fractions; 
these delayed reactions could not be passively 
transferred. No skin reactions to the antigenic 
fractions were elicited in 25 normal control 
subjects. An aerosol of 10 per cent sodium 
caprylate in propylene glycol was administered 
every three hours so that the patient inhaled 
1 to 2 gm. of caprylate every twenty-four 
hours. After two weeks of treatment the cough 
decreased in frequency and the sputum de- 
creased in quantity. He continued to have mild 
attacks of asthma at night and occasionally 
during the day. After four weeks he was essen- 
tially free of asthma, and examination of the 
chest revealed only an occasional musical rale. 
His cough persisted, but the sputum was 
scanty. After six weeks the symptomatic ther- 
apy was discontinued. He remained free from 
asthma, the cough disappeared, and the ex- 
amination of the lungs was negative. The le- 
sions disappeared after three weeks of treat- 
ment, and the sputum cultures became 
negative after four weeks of treatment. Four- 
teen months following treatment the patient 
was well and symptomless.—Candida asthma, 
E. L. Keeney, Ann. Int. Med., January, 1961, 
34: 223.—(T. H. Noehren) 


ACTH in Beryllium Granulomatosis and 
Silicosis. — Adrenocorticotropic hormone 
(ACTH) was administered to 2 patients with 
chronic beryllium granulomatosis of two and 
one-half and three and one-half years’ duration. 
Both experienced a marked subjective and 
objective improvement, increased feeling of 
well being, increased strength, and an increase 
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in the depth of respirations. Exertion no longer 
produced undue dyspnea although before 
treatment marked dyspnea would occur on 
even mild exertion. Following cessation of 
ACTH, both patients experienced severe 
symptoms consisting of fatigue, weakness, and 
spiking fever. These symptoms disappeared 
after three weeks. It was suspected this reac- 
tion may have been a temporary adrenal in- 
sufficiency. Two months after ACTH was 
discontinued, the first patient had maintained 
some improvement. In contrast to this, the 
other patient had nearly reverted to his orig- 
inal status within three weeks. ACTH was 
administered for thirty days to a patient with 
silicosis, with resultant increased strength, a 
feeling of well being, greater ease of respira- 
tion, and a diminution of dyspnea on exertion. 
His cough and sputum ceased. The vital capac- 
ity increased from 58 per cent to 74 per cent 
of the predicted normal. A parallel improve- 
ment in maximal breathing capacity was ob- 
served. Breath-holding time on inspiration 
and expiration was doubled during ACTH 
therapy. There was no significant deviation 
from the expected normal in measurements of 
the ventilatory efficiency either before or dur- 
ing treatment. The appearance of the chest 
roentgenograms was unaltered by treatment. 
The period of the observation was too short to 
determine how long the improvement will 
persist after cessation of therapy. Since there 
has been no adequate treatment for silicosis, 
it is suggested that further investigation of the 
effect of ACTH on this disease is indicated.— 
Effect of adrenocorticotropic hormone (ACTH) 
on beryllium granulomatosis and silicosis, B. J. 
Kennedy, J. A. P. Pare, K. K. Pump, J. C. 
Beck, L. G. Johnson, N. B. Epstein, E. H. 
Venning, & J. S. L. Browne, Am. J. Med., 
February, 1951, 10: 184.—(T. H. Noehren) 


ACTH for Chronic Pulmonary Disease.— 
Adrenocorticotrophic hormone (ACTH) or 
cortisone was given to 3 patients in whom 
there was pulmonary fibrosis with evidence 
of impairment of gaseous diffusion across the 
alveolar-capillary membrane. In one patient 
the process was due to scleroderma, in another 


it was secondary to pulmonary granulomatosis 
of undetermined etiology, and in the third the 
cause was unknown. After therapy, there was 
no significant change in the pattern of pul- 
monary dysfunction in the patient with scle- 
roderma. The other patients, on the contrary, 
demonstrated clinical improvement as well as 
betterment in some of the objective indices of 
pulmonary function. There was no change in 
the lung volumes or maximal breathing capac- 
ity in one but there was a reduction in the 
degree of hyperventilation observed at rest or 
after exercise and a reduction in the degree 
of arterial unsaturation following exercise. In 
this patient there was only a slight reduction 
in the size of the physiologic dead space, a 
slight increase in the oxygen-diffusing capac- 
ity, but a definite reduction in the size of the 
physiologic venous admixture. Pulmonary ar- 
terial hypertension persisted. In the third 
patient there was an improvement in vital 
capacity and maximal breathing capacity, to- 
gether with a reduction in resting ventilation 
and a striking increase in resting arterial oxy- 
gen saturation. There was again a slight de- 
crease in the physiologic dead space, a slight 
increase in the oxygen-diffusing capacity, and 
a striking reduction in the size of the physi- 
ologic venous admixture. In addition, there 
was a definite reduction in resting pulmonary 
arterial pressure with an elevation noted while 
breathing a low oxygen mixture.—Effects of 
cortisone and ACTH in cases of chronic pul- 
monary disease with impairment of alveolar- 
capillary duffusion, J. R. West, J. H. Me- 
Clement, D. Carroll, H. A. Bliss, M. Kuschner, 
D. W. Richards, Jr., & A. Cournand, Am. J. 
Med., February, 1961, 10: 156.—(T. H. Noeh- 
ren) 


Cortisone in Scleroderma.—aA patient with 
diffuse scleroderma involving the skin, the 
lungs, and the esophagus was treated with 
cortisone. Decided improvement of the esoph- 
ageal peristalsis was observed under the in- 
fluence of the hormone. The skin became more 
pliable and softened but there was no restitu- 
tion to normal. No change in the pulmonary 
involvement was observed roentgenologically 
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although the cough stopped. Serial skin biopsy 
specimens taken before and during treatment 
revealed a loosening and thinning of the 
initially thickened and swollen collagen 
bundles under the influence of cortisone 
(Authors’ Summary).—Clinical and histolog- 
tcal observations on a case of scleroderma treated 
with cortisone, M. Taubenhaus & M. Lev, A. 
M. A. Arch. Int. Med., April, 1961, 87: 
583.—(G. C. Leiner) 


Voluntary “Unilateral Breathing.”—It is 
possible for an individual to control the 
respiratory movements of the chest wall to a 
marked degree. With a moderate amount of 
training one can learn to hold one side of the 
chest relatively motionless while making 
quite marked respiratory movements with the 
other side. This fact has been utilized by physi- 
cal therapists for some years in an effort to 
secure differential mobility of portions of the 
chest wall. Various unilateral and segmental 
breathing exercises have been devised to 
overcome residual immobility and deformity 
after injuries or operations affecting the chest 
wall. These exercises have also been recom- 
mended after empyema, lobectomy, and other 
procedures in an effort to re-expand the in- 
volved lung or remaining lobe or lobes. In 
addition, this type of exercise has been rec- 
ommended to aid in the re-expansion of spon- 
taneous pneumothorax. Eight patients were 
trained in this study to breathe with one side 
of the chest, and have had bronchospirometric 
studies made while breathing normally and 
then differentially. Three patients who were 
receiving artificial pneumothorax were trained 
in unilateral breathing and were then studied 
fluoroscopically and by means of intrapleural 
manometric readings. The studies thus far 
have led to the conclusion that such exercises 
have little or no effect upon the ventilation of 
the lungs. From fluoroscopic examination it 
would seem that this failure to affect the 
pulmonary expansion differentially is due to 
failure to immobilize one leaf of the diaphragm 
by voluntary control and to mediastinal shift, 
which also equalizes the expansion of the 
lungs.—Voluntary “unilateral breathing,” LE. 


Rothstein & R. Strzelezyk, Ann. Int. Med., 
February, 1951, 34: 401.—(T. H. Noehren) 


Exercise Tolerance Test.—The responses 
to exercise of 100 normal controls and of 41 
patients with definite evidence of serious 
cardiac or pulmonary disease were studied. It 
appeared that the exercise tolerance tests in 
common use among physicians are of ex- 
tremely little value as an aid in detecting 
cardiac or pulmonary disease. The results of 
the study are confirmatory of the opinion of 
many cardiologists that the response to func- 
tional tests of the heart depends on physical 
fitness and stability of the autonomic nervous 
system rather than on the presence or the 
absence of cardiorespiratory disease (Author’s 
summary).—Significance of the exercise toler- 
ance test, W. F. Renner, A. M. A. Arch. Indust. 
Hyg. & Occup. Med., February, 1961, 3:129. 
—(T. H. Noehren) 


Automatic Controlled Respiration.—Con- 
trolled respiration may be defined as an 
anesthetic technique in which apnea is in- 
tentionally induced and respiration then 
maintained by intermittent inflation of the 
lungs. The pneumatic balance resuscitator is a 
simple automatic device adaptable to the 
Harroun pentothal-curare apneic technique 
and controls respiration more effectively than 
manual methods. The device was developed 
by Burns and consists of a valve converting 
continuous positive pressure into intermittent 
positive pressure.—A new method of automatic 
controlled respiration, M. H. Adelman, R. A. 
Berman, & A. 8. Touroff, J. Thoracic Surg., 
May, 1950, 19: 817.—(R. E. MacQuigg) 


Pulmonary Venous Obstruction.—A 
woman, 26 years of age, had severe acquired 
venous stenosis in all exeept one pulmonary 
lobe. Cardiac catherizatjon demonstrated 
central pulmonary hypertension and a normal 
volume of blood flow. The lobe without sig- 
nificant venous stenosis had essentially normal 
arterioles and small arteries; in the remaining 
lobes there were severe, occlusive vascular 
changes similar to those seen in some cases of 
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mitral stenosis. Severe pulmonary congestion 
was present in the lobe without venous ob- 
struction, but congestion was not present in 
the other lobes. It is postulated that the 
occlusive arterial and arteriolar lesions in the 
lobes with severe venous obstruction protected 
the pulmonary capillaries from excessive 
passive congestion and from elevation of pres- 
sure. Since most of the pulmonary blood 
flowed through the one essentially normal lobe, 
the existing central pulmonary hypertension 
is explained as follows: The capacity of the 
blood vessels in one normal pulmonary lobe 
is inadequate to carry the entire, although 
normal, volume of pulmonary blood flow with- 
out elevation of pressure (Authors’ sum- 
mary).—Multilobar pulmonary venous obstruc- 
tion with pulmonary hypertension. “Protective” 
arterial lesions in the involved lobes, J. E. 
Edwards & H. B. Burchell, A. M. A. Arch. 
Int. Med., March, 1951, 87: 872.—(G. C. 
Leiner) 


Patterns of Lobar Collapse.—In considering 
the mechanisms and roentgenographic pat- 
terns of lobar collapse, it is of primary impor- 
tance to consider the lung and its major sub- 
divisions as semi-rigid rather than purely 
elastic structures. The angle at which the 
bronchus leaves its parent structure, its 
length, and the amount of cartilage in its wall 
determine, in part, the magnitude and direc- 
tion of movement and hence the eventual 
radiographic appearance of a collapsed lobe. 
The appearance is also modified by the degree 
of complementary emphysema which the re- 
mainder of the tung must undergo and by the 
presence of intrapulmonary disease or adhesive 
pleuritis. Nevertheless, the basic roentgeno- 
graphic appearance of collapsed lobes under a 
variety of influences is sufficiently similar so 
that certain generalizations can be made. The 
lobes do not merely shrink to become smaller 
replicas of themselves. As they become smaller 
they change from a three-dimensional, pyra- 
midal, or conical figure, to approach a two- 
dimensional triangle and flatten along the 
mediastinal and parietal pleura. With con- 
tinuation of the collapsing force, they move 


along the curved surface of the chest wall 
toward the hilum, the direction of the move- 
ment depending on the natural configuration 
and position of the lobe and the presence or 
absence of modifying factors. The use of a 
paper triangle, bent upon itself, is a useful 
pedagogic tool to simulate the shape of lobes 
undergoing collapse and to illustrate by its un- 
folding the course followed by each lobe as it 
shrinks toward the hilum.—Patterns of lobar 
collapse as observed radiographically, M. 
Lubert & G. R. Krause, Radiology, February, 
1961, 56: 165.—(W. J. Steininger) 


Angiocardiography of Mediastinal Tumors. 
—In most cases, clinical and roentgenologic 
studies alone are insufficient to arrive at a 
diagnosis as to the nature of a mediastinal 
tumor. Angiocardiography is the method of 
choice for the diagnosis of aortic aneurysms. 
After introducing a catheter through the right 
or left external jugular vein into the right 
cardiac chamber or pulmonary artery, the 
circulation time is measured, 40 to 50 cc. of 
an opaque substance are injected, and roent- 
genograms taken at required intervals. This 
method allows the introduction of the opaque 
material into the right ventricle in sufficient 
quantities and at the necessary speed to re- 
duce to a minimum the probability of its 
mixing with the blood. It therefore reaches 
the aorta with little or no dilution and is 
sufficiently radiopaque to make possible the 
complete visualization of this vessel with its 
contours, diameters, and main branches. Of 
95 cases studied roentgenographically and 
angiocardiographically, 33 were mediastinal 
tumors, including 16 aortic aneurysms. Of the 
latter, 14 were diagnosed angiocardiographi- 
cally and 2 at autopsy. In 3 suspected cases 
of aneurysm, the differentiation from tumor 


Pacheco, & H. del Castillo, Radiology, Jew- 
ary, 1951, 56: 31—(W. J. Steininger) 


Azygos Lobe Revealed by Planograms.— 
The incidence of azygos lobe has been esti- 


4 could not be made.—Angiocardiographic di- 
agnosis of mediastinal tumors, with special 
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mated as one in 175 to 200. The position of the 
membrane varies and its shadow may be ob- 
scured by overlying lung so as not to be visible 
in plain roentgenograms. In one young man 
planar roentgenograms showed an azygos 
lobe which was not discernible in the postero- 
anterior roentgenogram. When artificial pneu- 
mothorax was induced, the azygos lobe failed 
to separate with the rest of the right upper 
lobe and was then clearly visible on ordinary 
roentgenograms.—Azygos lobe revealed by 
planar roentgenography, A. G. Cohen & A. 8S. 
Dooneief, Am. J. Roentgenol., February, 1951, 
65: 188—(T. H. Noehren) 


Anatomy of Bronchopul y Segments. 
—A good working knowledge of the anatomy 
of the sublobar bronchi and bronchopul- 
monary segments is of great importance, since 
a precise description and accurate localization 
of an abnormal shadow will influence con- 
siderations of differential diagnosis, patho- 
genesis, and therapy. A single postero-anterior 
roentgenogram of the chest is entirely inade- 
quate for this purpose. Lateral views are 
essential; oblique projections and broncho- 
grams are of great help. Diminution in the size 
of a segment indicates collapse of that seg- 
ment and probable bronchial obstruction. 
Segmental collapse represents a diagnostic 
and therapeutic emergency; it requires an 
accurate etiologic diagnosis by means of 
bronchoscopy, bronchography, laminagraphy, 
cytologic study of bronchial secretions, or 
surgical exploration. The presence of a shadow 
of unknown etiology in an anterior segment 
should impart a sense of special urgency be- 
cause here the possibility of neoplastic dis- 
ease is somewhat greater. In the past, broncho- 
genic carcinoma has been considered to be 
predominantly a disease of the primary or of 
the lobar bronchi. With closer scrutiny of 
peripheral lesions, the use of radiographs in 
multiple projections, judicious use of broncho- 
graphy, and an appreciation of the segmental 
anatomy, a greater proportion of primary 
bronchogenic neoplasms will be found to 
originate in sublobar bronchi. The earlier 
diagnosis of such lesions should yield a higher 
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proportion of operable and curable cases. 
—The anatomy of the bronchopulmonary 
segments: Clinical applications, G. R. Krause 
& M. Lubert, Radiology, March, 1951, 56: 
333.—(W. J. Steininger) 


Unusual Lung Abscess.—A 30-year-old 
woman developed an acute pulmonary ab- 
scess from which a pure culture of Cl. per- 
fringens was isolated. The origin of the 
abscess may have been related to an infected 
embolus from a smoldering thrombophlebitis. 
The circumstance is unique because of the 
rarity of this infective agent in pulmonary 
suppuration, and the presence of single bac- 
terial species in purulent lung abscess fluid 
is an infrequent occurrence. The patient 
recovered completely on intramuscular injec- 
tion of penicillin and surgical drainage of the 
abscess.—A case report of an unusual lung 
abscess due to Cl. perfringens (B. Welchi), 
R. F. Jacozr & P. Dionne, Ann. Int. Med., 
February, 1951, 34: 479.—(T. H. Noehren) 


Adenocarcinoma and Cystic Disease.— 
The coexistence of carcinoma and cystic 
disease of the lung has not received much 
attention, perhaps because it is difficult to 
distinguish between cavitating carcinoma 
and a pulmonary cyst with subsequent car- 
cinomatous change. The patient reported had 
been under medical observation for approxi- 
mately fifteen years for his chest complaints. 
In 1939, eight years before his death, cystic 
disease of the lungs was demonstrated roent- 
genographically. During the four years from 
1939 to 1942 he had frequent chest roent- 
genograms; the findings were those of 
cystic disease with emphysema, and fluid 
levels were demonstrated in the right lung. 
The carcinoma found at autopsy was unusual 
in that it resembled extensive pneumonic 
consolidation, but microscopic study revealed 
diffuse adenocarcinoma. No primary adeno- 
carcinoma could be found outside the lungs 
or could an exact origin from a bronchus be 
demonstrated. It is presumed that the tumor 
arose from the mucosa of the bronchial tree 
beyond the larger bronchi, the point of origin 
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being obscured by the extensive involvement. 
In this case apparently cystic disease ante- 
dated the development of carcinoma.— 
Co-existing lobar adenocarcinoma and cystic 
disease of the lung, H. E. Bass & E. Singer, 
Ann. Int. Med., February, 1951, 34: 498.— 
(T. H. Noehren) 


Pulmonary Resection for Metastases.— 
The results of the resection of pulmonary 
metastases were reviewed in 62 cases. With 
several exceptions, the patients with long 
intervals between the appearance of the 
primary and the secondary tumor did no 
better than the group as a whole. Bronchial 
involvement was noted in 63 per cent of the 
cases in which the reports especially mentioned 
this feature in contradistinction to the former 
teaching that bronchial invasion by a metas- 
tasis is uncommon. Diagnosis was made by 
bronchoscopic biopsy in 16 per cent of the 
cases. The type of operation apparently did 
not greatly influence the survival; lobectomy 
or segmental resection is probably the treat- 
ment of choice. Of the 23 patients who were 
well when reported, 9 (37 per cent) had sur- 
vived more than three years. In the 23 survivors 
the primary lesion was sarcoma in 10 and carci- 
noma in 13. The surgical excision of solitary 
pulmonary metastases is indicated in certain 
cases in which the primary tumor apparently 
has been completely removed.—Pulmonary 
resection for metastatic malignant lesions, 
H. H. Seiler, O. T. Clagett, & J. R. Me- 
Donald, J. Thoracic Surg., May, 1950, 19: 
655.—(R. E. MacQuigg) 


Eventration of Diaphragm.—Treatment for 
eventration of the diaphragm previously has 
been medical. In the reported case, the right 
hemidiaphragm was repaired with a tantalum 
mesh. An excellent result was obtained.— 
Eventration of the diaphragm repaired with 
tantalum mesh, D. R. Monahan, New England 
J. Med., March 29, 1950, 244: 475.—(A. G. 
Cohen) 


Pulmonary Function Studies with Plomb- 
age.—Nine patients had pulmonary function 


studies made before and after extrapleural 
pneumonolysis with Lucite plombage. The 
results indicate that only minimal decrease 
in function may be expected. The maximal 
breathing capacity was decreased by an 
average of 5.9 per cent in 7 cases and increased 
2 per cent and 14 per cent in the others. 
Bronchospirometry revealed 4 cases with an 
average decrease in oxygen consumption on 
the operated side of 8.7 per cent; 4 showed an 
increase of 5.6 per cent.—Pulmonary function 
studies before and after extrapleural pneumo- 
nolysis with plombage, S. Dressler, G. Bron- 
fin, & J. Grow, J. Thoracic Surg., June, 1950, 
19: 988.—(R. E. MacQuigg) 


Broncho-Esophageal Fistula Persistent to 
Adult Life.—The congenital broncho-esopha- 
geal fistula invariably manifests itself with the 
first effort at swallowing and is supposed to 
result in early death if not recognized. A 26- 
year-old student was discharged from the 
Army with the diagnosis of bronchiectasis. 
A bronchogram showed severe sacular bron- 
chiectasis of the posterior basal segment of 
the right lower lobe. At operation a tubal 
structure was found 5 cm. long and 5 mm. in 
diameter and extended from the esophagus at 
the level of the ninth thoracic vertebra to the 
right lower lobe approximately 1 cm. below 
the bifurcation of the middle and lower lobe 
bronchi. Microscopic examination revealed 
the fistulous tract to be composed of smooth 
muscle and lined with thin, stratified, squa- 
mous epithelium. The fistula is assumed to be 
congenital as it was such a well-defined tubal 
structure that when first seen it was mistaken 
for an accessory blood vessel. Adhesions, 
although prominent over the bronchiectatic 
lobe, were absent over the proximal half of the 
fistulous tube. Right lower lobectomy and 
closure of the esophageal fistula resulted in 
complete recovery.—An apparently congenital 
broncho-esophageal fistula persistent to adult 
life, D. R. Morton, J. F. Osborne, & K. P. 
Klassen, J. Thoracic Surg., May, 1950, 19: 
811.—(R. E. MacQuigg) 
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Phrenic Nerve.—In a series of 309 cases, 
the incidence of accessory phrenic nerves 
(75.5 per cent) is greater than that reported 
by most authors. The most satisfactory test 
for complete paralysis postoperatively is to 
have the patient inhale deeply during fluoros- 
copy while the operator presses his two 
hands against the lower lateral portions of the 
ribs. If pressure is not exerted, a costal 
breather may flare the lower ribs outward 
sufficiently to produce slight downward mo- 
tion of a paralyzed diaphragm; if the dia- 
phragm descends even slightly when the ribs 
are fixed, one should suspect a functioning 
accessory nerve in spite of paradoxical mo- 
tion on the “sniff test.”—Phrenic nerve paraly- 
sis, W. Kelley, J. Thoracic Surg., June, 1960, 
19: 923.—(R. E. MacQuigg) 


ANTIMICROBIAL THERAPY 


Treatment of Tuberculous Meningitis.— 
From February 1947 to November 1949, 60 
cases of tuberculous meningitis were treated 
with streptomycin. Tubercle bacilli were 
demonstrated by culture or guinea pig inocu- 
lation in 59, and by direct examination in 52. 
All cases showed a positive Mantoux reaction. 
The diagnostic criteria based on cerebrospinal 
fluid examination were: sugar, less than 45 
mg. per 100 cc.; protein, more than 40 mg. 
per 100 cc.; and more than 3 cells per cc. 
The sugar determination was the most valu- 
able; chloride determination was not helpful. 
Series A consisted of 20 cases with 5 sur- 
vivals; these received streptomycin alone. All 
patients received continuous daily intramus- 
cular injections of streptomycin. In addition, 
the first 14 received intrathecal streptomycin 
in courses of daily injections for a month, 
interrupted by rest periods. The remaining 6 
received an intrathecal injection daily for 
two weeks, then every second day for two 
weeks, then every third day for two weeks. 
The cerebrospinal fluid was then repeatedly 
examined. If signs of progression appeared, 
the course was repeated. In series B, Sulphe- 
trone and streptokinase were given intra- 
thecally in addition to streptomycin. For 


children younger than three years, the dosage 
of Sulphetrone was 0.05 gm. and streptokinase 
0.5 cc. For older children, the dose of Sulphe- 
trone was 0.1 gm. and streptokinase 1.0 cc. 
Thirty-four cases received Sulphetrone; 19 
(56 per cent) survived. Six received no Sulphe- 
trone; 4 survived. The authors believe that 
Sulphetrone has no particular value. On the 
other hand, the use of streptokinase has led to 
a considerable reduction in mortality. Ven- 
tricular catheterization is used to relieve 
intracranial pressure; medication can be ad- 
ministered through the same route. Nothing 
less than a normal cerebrospinal fluid is the 
criterion for recovery.— Adjuvants to strepto- 
mycin in treating tuberculous meningitis, 


I. A. B. Cathie & J.C. W. Macfarlane, Lan- 
cet, December 16, 1950, 2: 784.—(A. G. Cohen) 


Dihydrostreptomycin in Miliary Tuberculo- 
sis.—In a 52-year-old woman with normal 
chest roentgenograms, miliary tuberculosis 
was diagnosed on bone marrow aspiration. 
After a period of 17 days and administration 
of 14 gm. of dihydrostreptomycin, bone mar- 
row aspiration showed that the lesions had 
resolved.— Resolution of miliary tuberculosis 
of the bone marrow with dihydrostreptomycin 
therapy, N. L. Petrakis, A. M. A. Arch. Int. 
Med., April, 1951, 87: 594.—(G. C. Leiner) 


Streptomycin Encephalopathy.—A patient 
developed acute encephalopathy after six 
weeks of streptomycin therapy. There was 
tlow recovery during two months, with per- 
manent residual changes. During treatment, 
there was other evidence of streptomycin 
intolerance. While it is possible that the 
encephalopathy might be coincidental, it is 
believed that streptomycin was probably the 
cause.— Diffuse encephalopathy after strepto- 
mycin therapy, J. R. Edge, Tubercle, March, 
1951, 32: 58.—(A. G. Cohen) 


Activity in “Streptomycin-Cured” Tubercu- 
losis.—After failure of induced pneumothorax 
because of pleural adhesions, 20 patients with 
pulmonary tuberculosis were treated with 120 
gm. or more of streptomycin. Clinical and 
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roentgenologic improvement followed, and 
simple roentgenograms failed to demonstrate 
any residual lesions. A further exhaustive 
study with apicograms and tomography, 
hemograms, examinations of gastric washings, 
and sedimentation tests disclosed the presence 
of active lesions. Surgical collapse therapy 
produced satisfactory results.—Crilerio clinico 
de actividad en tuberculosis pulmonar con apli- 
cacién quirirgica, S. Huaco Vizcardo & V. 
Narvdez Obeso, Rev. tuberc. January-June, 
1960, 10: 256.—(A. A. Moll) 


PAS Therapy.—p-Aminosalicylic acid 
(PAS) in fluid form is rapidly absorbed and 
excreted. When the drug is given in doses of 
5.0 gm. every four hours, the blood concen- 
tration curve shows a series of arches and 
peaks up to 10 to 15 mg. per 100 cc. with 
intervening drops to a level of 4 mg. per 100 
cc. With a dosage of 7.0 gm. three times a day, 
there is less nausea and the curve is flatter. 
When tablets are used, the blood concentra- 
tion is less than half that obtained with the 
fluid preparation because of slower absorption 
and slower excretion. With a regimen of 
eleven tablets of 0.33 gm. each given every 
four hours for five doses daily, the blood level 
rises steadily during the day and continues 
to rise for approximately five hours after the 
last dose. There is thus a slow start and a 
late drop. To eliminate the slow start, a dose 
of the fluid preparation is added to the morn- 
ing dose. The regimen recommended is 4 
tablets of 0.5 gm. of sodium PAS at 6 and 10 
A. M. and at 2, 6, and 10 P. M. In addition, 
a solution of 4.1 gm. of the powder is given at 
6 A. M. On one day each week, the drug is not 
given. The co-administration of PAS and 
streptomycin was found to have an effect 
upon the blood streptomycin levels.—Some 
notes on methods of PAS dosage and on the 
influence of PAS intake on streptomycin blood 
levels, J. M. Battersby, D. B. Cruickshank, 
C. Hesling, & E. H. Hudson, Tubercle, De- 
cember, 1950, 31: 282.—(A. G. Cohen) 


Streptomycin-f-Aminosalicylate. — Strep- 
tomycin-p-aminosalicylate was administered 


by intramuscular injection twice daily to 12 
patients with far advanced pulmonary tu- 
berculosis. Each injection contained the 
equivalent of 0.5 gm. of streptomycin and 
0.4 gm. of p-aminosalicylic acid (PAS). The 
sensitivities to streptomycin of tubercle 
bacilli isolated before and at intervals during 
therapy were determined both in Dubos 
liquid medium and Herrold egg-yolk agar. 
The sensitivities to PAS were determined in 
similar fashion using egg-yolk agar alone. The 
lowest concentration of drug which gave com- 
plete inhibition of growth after fourteen days 
of incubation was considered to be the sensi- 
tivity of the strain under study. Those 
strains of tubercle bacilli capabie of growing 
in Dubos liquid medium containing strepto- 
mycin in concentrations of 10 or more per 
ml. of medium were classified as resistant; on 
solid medium, strains were considered resist- 
ant when appreciable growth appeared on 
plates containing 100 y of streptomycin per 
ml. of medium. Although completed data are 
available in only one-half of this series of 12 
patients receiving streptomycin-p-aminosali- 
cylate, a significant increase in streptomycin 
resistance of the infecting organisms has 
been demonstrated in 10 (83 per cent); and 
in 6 (50 per cent), this had occurred by the 
forty-fifth day of therapy. There has been 
no clear-cut demonstration of increasing re- 
sistance to PAS in these studies. It is con- 
cluded that 
had no delaying e:fect on the development of 
streptomycin-resistant bacilli in this group of 
patients. Remarkable clinical and roentgeno- 
graphic improvement was noted in 3 cases. 
In the event that it seems desirable to explore 
further the clinical effectiveness of this mate- 
rial, oral PAS in the usual dosage should 
be added.—Streptomycin—para-aminosalicylate 
and streptomycin-resistant tubercle bacilli, J. D. 
Adcock,W. F . Fidler, W. A. Meier, &C. R. Owen, 
Am. J. M. Sc., February, 1951, 221: 149.— 
(W. J. Steininger) 


PAS for Tuberculosis.—Because of the 
shortage of sanatorium beds, 50 patients with 
pulmonary tuberculosis were treated at home 
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with p-aminosalicylic acid (PAS). Group AB 
consisted of 12 cases of early exudative lesions, 
group C of 16 cases of chronic exudative 
lesions. In group D there were 15 cases of 
chronic exudative lesions prior to collapse 
therapy. Group E contained 7 cases of lesions 
retrogressing after some form of collapse 
therapy. There were 106 control cases which 
were roughly similar in type. The drug was 
given for twelve weeks. The patient’s condi- 
tion was assessed at this time and again after 
another twelve-week period. The same was 
done for the controls. The erythrocyte sedi- 
mentation rate fell more in the treated group 
than in the controls. The body weight in- 
creased equally in both. The toxemia and ex- 
pectoration diminished much more in the 
treated groups. Improvement in the roent- 
genograms paralleled clinical improvement. In 
the control groups there were more cases of 
no improvement. In cases of cavities, six times 
as many treated cases improved as controls. 
In general, there was improvement after 
twelve weeks, then some retrogression after 
the second twelve-week period. For the total 
period there was definite over-all improvement. 
The drug is very valuable in preparing patients 
for surgery, especially thoracoplasty, particu- 
larly when there is contralateral disease. It is 
useful in “cooling off” active lesions prior to 
artificial pneumothorax. The complications 
are few. The most significant ones are gastro- 
intestinal; these respond nicely to Benadryl. 
Resistance of the organisms to PAS appears in 
some cases in three to six months and appar- 
ently is permanent.—The domiciliary use of 
paramisan sodium in the treatment of tubercu- 
losis, D. L. Pugh, EB. R. Jones, & W. J. 
Martin, Tubercle, March, 1961, 32: 51.— 
(A. G. Cohen) 


Amithiozone for Tuberculosis.—Amithio- 
zone (TB 1/698) was used in the treatment of 
12 patients with pulmonary tuberculosis. 
Three had recent, 7 chronic, and 2 endobron- 
chia] disease. All cases had been under ob- 
servation for at least three months and had 
had other forms of therapy, including p- 
aminosalicylic acid (PAS) and pneumoperi- 


toneum, without success. The daily dose of 
amithiozone was 50 mg. for three days, then 
100 mg. for three days, then 200 mg. there- 
after. The drug was continued for as long as 
five months. The toxic effects were nausea in 
2, anorexia in 2, mental depression in 3, 
albuminuria in 2, and a positive spinal fluid 
colloidal gold test in 4. There was decrease in 
cough and expectoration in 6. There was loss 
of weight in 7 and gain in 4. Of 10 patients 
with positive sputum, there was conversion in 
7. The erythrocyte sedimentation rate fell in 
10 cases. Roentgenograms showed clearing of 
recent disease in 3, slight clearing of chronic 
changes in 3, and no change in 5. It is con- 
cluded that the drug is of some value, especi- 
ally for exudative lesions. Its activity is about 
on a level with PAS. The toxic effects are not 
very significant. The optimal daily dose is 150 
to 200 mg.—Thiosemicarbazone in the treat- 
ment of pulmonary tuberculosis, R. Livingstone 
& E. W. Street, Tubercle, Januaru 1951. 32: 8. 
—(A. G. Cohen) 


Antibiotic Action on Tubercle Bacilli.— 
From 192 laboratory tests with various anti- 
biotic and bacteriostatic agents, it was con- 
cluded that the best media for growing M. 
tuberculosis are those containing potato broth 
and egg yolk but no dyes. Youmans’ modifica- 
tion of the Proskauer-Beck medium with 10 
per cent of human serum proved excellent for 
in vitro tests. In vitro and in vino tests showed 
good correlation. The bacteriostatic effect was 
inversely proportional to the number of 
bacilli present. Streptomycin, p-aminosali- 
cylic acid (PAS), and amithiozone exhibited 
bacteriostatic activity against tubercle bacilli. 
Methylene blue, quinine, and m-aminosali- 
cylic acid failed to show any bacteriostatic 
action even at such strengths as preclude their 
clinical use. p-Aminobenzoic acid proved 
growth-promoting rather than bacteriostatic. 
Streptomycin exerted its full bacteriostatic 
action at 1 y per cc.; amithiozone, both on 
streptomycin-sensitive and -resistant strains, 
at 0.25 y per ce. PAS, both in fresh and old 
solutions, proved fully bacteriostatic at a 
dosage of 0.42 y per cc. for streptomycin- 
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resistant strains and 1 y per ce. for strepto- 
mycin-sensitive strains. p-Aminobenzoic acid 
did not display any neutralizing action against 
streptomycin but completely neutralized PAS. 
The effective dosage for streptomycin was 8 
mg. per kg. of body weight in a single daily 
injection; for PAS, 50 mg. per kg. of body 
weight every three hours. With a minimum 
daily dosage of 15 gm., PAS did not act on 
purulent discharges as pus contains compara- 
tively large amounts of p-aminobenzoic acid. 
When used simultaneously, the effect of anti- 
biotics was not synergistic but merely additive. 
PAS solutions lost their bacteriostatic proper- 
ties when kept at high temperatures except 
when concentrated.—Bacilo de Koch y anti- 
bidticos, C. Ruiz Campos, Rev. tuberc., Janu- 
ary-June, 1950, 10: 101.—(A. A. Moll) 


Moniliasis and Antibiotics.—Twenty-five 
cases of clinical moniliasis following the thera- 
peutic use of aureomycin, chloramphenicol, 
or penicillin are reported. Jn vitro studies of 4 
strains of Candida show that these antibiotics 
have no stimulating or suppressing effect on 
the rate of growth. Suppression of bacterial 
flora coexisting with Candida and competing 
for nutrition in the same substrate is thought 
to be the most probable cause for monilial 
overgrowth and host infection. Vitamin B 
complex seems to have some therapeutic 
value. Two cases of bronchopulmonary 
moniliasis which appeared as complications of 
antibiotic therapy for acute and chronic 
pulmonary infections are reported in detail.— 
Monilial infections complicating the therapeutic 
use of antibiotics, J. W. Woods, I. H. Manning, 
Jr., & C. N. Patterson, J.A.M.A., January 
27, 1951, 145: 207.—(H. Abeles) 


Friedlinder’s Pneumonia.—A study has 
been made of Friedlinder’s pneumonia which 
occurred between 1938 and 1949 among 20,000 
hospital admissions for pneumonia of all 
kinds, an incidence of 1.2 per cent. Specific 
therapy for Friedliinder’s pneumonia has 
brought about a marked decrease in the 
mortality of this disease. In this series, the 
improved results must be credited largely to 


sulfonamides and, in smaller measure, to 
streptomycin. Penicillin used alone has been 
of no value in this series in the treatment of 
Friedlinder’s pneumonia. By delaying ade- 
quate specific therapy until sputum cultures 
are reported, penicillin may even do harm. 
Thus, the year 1940-1941 was a sulfonamide 
year exclusively, and the mortality rate was 
14 per cent. The year 1948-1949 was one of 
varied treatment, and the mortality was 57 
per cent, with penicillin being the drug in- 
volved in these latter deaths. Rapid and 
accurate diagnosis and early institution of the 
correct specific drugs are fundamental to 
successful results in treating Friedliinder’s 
pneumonia. A positive blood culture indicates 
poor prognosis and a negative blood culture 
indicates relatively good prognosis. The use of 
specific drug therapy for acute Friedlinder’s 
pneumonia has not resulted in an increased 
incidence of chronic infection.—Treatment of 
Friedlander’s pneumonia, R. J. Gill, Am. J. 
M. Sc., January, 1951, 221: 5 —(W. J. Stein- 
tnger) 


Aureomycin in Q Fever.—Forty-five pa- 
tients with Q fever were treated with aureo- 
mycin, and the results are compared with 
those in a series of 25 patients who had re- 
ceived penicillin. Treatment with aureomycin 
appeared to effect a significant reduction in the 
duration of fever, and the antibiotic is con- 
sidered to be useful in the treatment of this 
disease. In some patients, however, response 
to aureomycin therapy appeared to be slight 
or negligible; no satisfactory explanation of 
these therapeutic failures was established 
(Authors’ summary).—Q fever in California: 
III. Aureomycin in the therapy of Q fever, 
W. H. Clark, E. H. Lennette, & G. Meikle- 
john, A. M. A. Arch. Int. Med., February, 
19651, 87: 204.—(G. C. Leiner) 


Streptomycin for Atypical Pneumonia.— 
Ten cases of primary atypical pneumonia of 
unknown etiology were treated with strepto- 
mycin, 2 gm. daily in divided doses for five 
days. Penicillin, 50,000 units every three 
hours, was also given in some cases. In each 
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instance treatment resulted in prompt sub- 
sidence cf fever and improvement in symp- 
toms. It is significant that no patient failed to 
improve immediately; the patient usually 
became afebrile within twenty-four hours. 
The chest findings cleared more slowly and 
no marked difference was noted between the 
untreated cases and those treated with strep- 
tomycin. This may be attributable to the 
fact that the pneumonia was developed fully 
before specific treatment was begun. The 
patients became symptomless in two to three 
days in spite of the fact that showers of rales 
could be heard over a large area of the chest. 
Results in these cases appeared to be uni- 
formly good and further trial of streptomycin 
in atypical pneumonia is warranted.—Atypi- 
cal pneumonia treated with streptomycin: A 
preliminary report on the effectiveness of 
streptomycin in atypical pneumonia, F. P. 
King, Ann. Int. Med., January, 1951, 34: 
141.—(T. H. Noehren) 


LABORATORY STUDIES 


Tonsillar Swab Culture.—The systematic 
cultivation of faucial swabs of tuberculous 
patients frequently proves the presence of 
tubercle bacilli. Such swabbing is performed 
with a wire probe, 18 cm. long, to one end of 
which a swab of cotton wool is attached; the 
other end is fixed to a cork stopper which is 
used as a handle during the swabbing and 
later to seal the test tube in which the probe 
is suspended. Swabs are taken before break- 
fast and before cleaning the mouth. The 
swab, slightly moistened with sterile water, is 
wiped along both tonsils and the back wall of 
the fauces. The laryngeal swab is introduced 
along the epiglottis into rima glottidis. The 
probes are carefully returned to the test tubes 
and 7.8 per cent sulfuric acid is pipetted 
along the wall until the level is approximately 
3 cm. above the cotton wool swab. After ten 
minutes the acid solution is slowly poured 
away and replaced by 2 per cent sodium hy- 
droxide solution for ten minutes. One swab 
each is inoculated into solid and fluid medium. 
By cultivation of the tonsillar swab it was 


possible to demonstrate tubercle bacilli in 
30.2 per cent of patients who had minimal or 
moderately advanced pulmonary tuberculo- 
sis but were without expectoration or with 
negative sputum smears. In this same group 
of patients, 46.4 per cent positive cultures were 
obtained with combined laryngeal and tonsil- 
lar swabs and by use of both solid and fluid 
media. The laryngeal swab was somewhat 
more sensitive than the tonsillar swab. The 
number of positive results increased with the 
number of swabs cultured and 3 daily swabs 
are advised.—Tonsillar swab culture in lung 
tuberculosis, H. Adler, K. Toman, & G. 
Tomanovd, Acta tuberc. Scandinav., 1960, 
25: 78.—(K. T. Bird) 


Bronchospirometry.—A new type of flex- 
ible double-lumen rubber catheter is provided 
with a small hook that is automatically en- 
gaged by the carina. It may be easily intro- 
duced in the correct position in the left main 
bronchus without the aid of fluoroscopy. The 
lumen of each channel is large enough to elim- 
inate stenotic breathing. This instrument 
made it possible to carry out bronchospiro- 
metric examinations not only during rest in 
various positions but during exercise. The 
oxygen intake during bronchospirometry at 
rest with this catheter was increased on an 
average of 44 per cent above the basal value 
determined without bronchospirometry. A 
cycle ergometer which enabled the subject to 
exercise in the horizontal position was used 
for the exercise tests. The work intensity was 
limited to a moderate extent. The increase of 
oxygen intake during the exercise test varied 
between 151 per cent and 555 per cent with a 
mean of 324 per cent above the basal broncho- 
spirometric value. This corresponds to an 
increase of the minute oxygen intake from 
391 cc. per minute to 1,531 cc. per minute 
with a mean of 743 cc. per minute above the 
observed basal bronchospirometric values. 
During the breathing of oxygen-enriched air 
as ordinarily employed during bronchospir- 
ometry, moderate exercise did not alter the 
correlation between the oxygen consumption 
in the 2 lungs compared with measurements 
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obtained under basal conditions in 21 cases 
of various pulmonary diseases studied. Since 
the inhalation of air with a high oxygen con- 
tent is not physiologic, comparative broncho- 
spirometric studies of oxygen intake during 
rest were performed in 16 subjects breathing 
air of high oxygen content as well as ordinary 
air of a constant oxygen content. The oxygen 
uptake of the functionally poorer lung was 
less during breathing of ordinary air than 
during breathing of oxygen-enriched air. 
Simultaneous serial arterial oxygen saturation 
determinations confirmed these bronchospiro- 
metric findings and showed a decrease in the 
saturation when breathing room air in some 
cases. In order to refine these functional 
tests still further, trials are in progress in 
which the patient is examined during exercise 
breathing ordinary air with a constant oxygen 
content and also breathing ordinary air with 
one lung and oxygen-enriched air with the 
other.—The lung function during rest and 
exercise in lung diseases: A bronchospirometric 
study, S. Bjorkman & E. Carlens, First 
International Congress of Internal Medicine, 


September, 1960, p. 57—(K. T. Bird) 


Oxygen Saturation in Tuberculosis.—Ar- 
terial oxygen saturation is usually normal in 
pulmonary tuberculosis. When marked anox- 
emia was present the function of the dia- 
phragm was always impaired. The arterial 
oxygen saturation in pulmonary tuberculosis 
during rest never reached values below 88 
per cent except in the presence of extensive 
parenchymal and pleural changes. Following 
thoracoplasty, slight or no anoxemia was ob- 
served in uncomplicated cases. Marked anox- 
emia in the postoperative period was mainly 
due to deficient pulmonary ventilation as a 
result of impaired function of the diaphragm 
or to pain and atelectasis due to secretions 
obstructing the bronchi, to alterations of the 
bronchial mucosa, or to angular flexion of 
minor bronchi resulting in insufficient oxy- 
genation of blood passing through these areas 
of lung. The clinical evaluation of post-oper- 
ative anoxemia is difficult. Symptoms may be 
vague or masked by other postoperative reac- 


tions. Depression, apathy, or restlessness 
often occur in anoxemia. The essential symp- 
toms of anoxemia are primarily psychic because 
the brain is the organ which is most vulner- 
able to oxygen deficiency. Severe anoxemia 
may produce excitation, ataxia, or coma and 
the condition may resemble light narcosis or 
even intoxication. The heart responds with an 
increased pulse rate and an initial rise in blood 
pressure followed by a gradual fall until cir- 
culatory failure occurs. Should doubt exist 
as to whether the postoperative reaction is 
due to anoxemia, determination of the arterial 
oxygen saturation should be performed in 
order to institute adequate oxygen therapy.— 
Arterial oxygen saturation in pulmonary tuber- 
culosis before and after thoracoplasty, T. W. 
Aas, Acta tuberc. Scandinav., 1950, 24: 865.— 
(K. T. Bird) 


Experimental Pulmonary Hypertension.— 
Cardiac catheters were used to inject a sus- 
pension of Lycopodium spores into the pul- 
monary arterial tree of anesthetized dogs. 
Pulmonary artery and pulmonary end-artery 
pressures, saphenous artery pressures, and 
cardiac output were measured. The pulmo- 
nary arteriolar resistance was calculated. In- 
jections made into the main pulmonary ar- 
tery caused a considerable rise in pulmonary 
artery blood pressure. Injections into a 
catheter placed in an end-artery caused a 
lesser rise but when a ligature was placed 
around the artery containing the catheter, 
injection into a pulmonary lobe or segment 
caused no generalized rise in pulmonary pres- 
sure. Comparable results were obtained in 
isolated perfused lungs. It was concluded 
that localized embolism does not cause gen- 
eralized vasoconstriction. Usually, as the pul- 
mopary arterial pressure rose, so did the 
pulinonary end-artery pressure and pulmonary 
arteriolar resistance. Bilateral cervical vagot- 
omy and extensive bilateral thoracic anterior 
rhizotomy did not influence the degree of 
pulmonary hypertension or the pulmonary 
arteriolar resistance. In one dog which had 
an extensive bilateral upper thoracic sympa- 
thectomy, it was possible to produce pul- 
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monary hypertension in the same way as in 
dogs which had not been so treated. Lycopo- 
dium spores produce pulmonary hyperten- 
sion by occluding pulmonary arterioles. The 
spores do not reach the systemic circulation 
and if injected repeatedly will produce pul- 
monary hypertension of several weeks’ duration 
(Authors’ summary).—Pulmonary hypertension 
in dogs induced by injection of Lycopodium 
spores into the pulmonary artery, with special 
reference to the absence of vasomotor reflexes, 
R. Daley, J. D. Wade, F. Maraist, & R. J. 
Bing, Am. J. Physiol., February 1, 1951, 
164: 380.—(G. C. Leiner) 


Pulmonary Function Test.—The study set 
out to determine the value of the breath-hold- 
ing test as an accurate measure of pulmonary 
function. A total of 425 patients with pulmo- 
nary insufficiency were studied on 1,000 occa- 
sions. The breath-holding test was found to 
be poorly related to the maximal breathing 
capacity and only a little more closely to the 
vital capacity. The correlation between sub- 
jective dyspnea and breath-holding time was 
poor. Chronic arterial hypoxia was found to 
prolong the time. The training factor of the 
breath-holding test was twelve times as great 
as that of vital capacity and five times as 
great as that found with repeated perform- 
ance of maximal breathing capacity. The 
psychologic factor in the breath-holding test 
was very large. Variations in the breath-hold- 
ing time in the same patients were so large 
from day to day that the test does not afford 
a quantitative means of following the course 
of collapse therapy and other procedures. It is 
concluded that the breath-holding test is not 
an adequate test of pulmonary function.— 
The breath-holding test in pulmonary insuff- 
ciency, E. A. Gaensler, D. F. Rayl, & D. M. 
Donnelly, Surg. Gynec. & Obst., January, 
1961, 92: 81—(A. G. Cohen) 


Threshold Visibility of Pulmonary Shadows. 
—In order to test the threshold visibility of 
pulmonary shadows, roentgenograms were 
made of various objects, including Lucite 
objects, turnip and millet seeds, and wooden 


disks, both on plain films and on films made 
through the chest. The visibility of a sharp 
shadow is unaffected by the size if larger than 
0.5 cm. Simple shapes, such as a circle, square, 
or triangle, are equally visible. Fuzziness of 
outline produced by beveling lessens visibil- 
ity by approximately one threshold unit for 
every millimeter of fuzziness at a 15-inch 
(38-cm.) viewing distance. This effect of 
fuzziness diminishes with increasing viewing 
distance, so that it is only for sharp shadows 
that large visual subtense is of much advan- 
tage. This explains why pulmonary lesions 
casting fuzzy shadows are detected as de- 
pendably on minifilms as on 14 by 17-inch 
films. Shadows with a repetitive pattern are 
more visible than simple shadows of the same 
contrast. This effect is more marked for reg- 
ular than for random patterns. Small objects 
of subliminal roentgen ray absorption may 
be brought above the threshold by summation 
of their shadows; also, when photographed 
through the chest, by addition of their 
shadows to subliminal or supraliminal linear 
shadows of pulmonary vessels. Such overlap- 
ping of small faint shadows is the basis for 
perception of miliary tubercles. On films made 
through the chest, approximately ten times 
the contrast is required for threshold visibility 
as on plain films. It makes little difference 
for the visibility of faint shadows whether the 
chest film is heavily or lightly exposed, within 
reasonable limits. The hardness of the roent- 
gen ray used for chest radiography also makes 
little difference in the visibility of faint pul- 
monary shadows but what difference there is 
favors the harder quality with a 100-kv. with 
3-mm. Al filter—The threshold visibility of 
pulmonary shadows, R. R. Newell & R. Gar- 
neau, Radiology, March, 1951, 56: 409.—(W. 
J. Steininger) 


PUBLIC HEALTH AND EPIDEMIOLOGY 


Tuberculosis Among Non-Whites.—Autop- 
sies performed on 95 Indonesians dying in 
Batavian hospitals showed tuberculosis in 
63, 56 (89 per cent) of whom had anatomically 
active disease. Calcification was present in 
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only 20 per cent of the cases. Absence of cal- 
cification is characteristic of primary tuber- 
culosis among Indonesians. The study was 
conducted in 1946 shortly after the liberation 
of Indonesia, at a time when a true “hunger 
tuberculosis” was common. The patients were 
admitted primarily on account of severe 
cachexia, starvation edema, amoebic dysen- 
tery, malaria, and other causes, and tubercu- 
losis was mostly an incidental finding. The 
extensive activity of the disease and the con- 
comitant absence of calcification were prob- 
ably the result of the malnutrition and poor 
living conditions of the war and postwar pe- 
riod, superimposed upon the well-known sus- 
ceptibility of the Indonesians to tuberculosis. 
Of the 63 cases, 50 showed an extension of 
the primary complex and 13 were classified 
as reinfection tuberculosis; these had generally 
less extensive lesions than the active primary 
cases. Primary pulmonary tuberculosis with 
cavitation is characteristic of the non-white 
races, with the exception of the Chinese who 
frequently have reinfection tuberculosis. A 
clear understanding of the epidemiology of 
tuberculosis in non-white races can be ob- 
tained by considering the pathologic charac- 
ter of the disease, the infection rate, and the 
lethality of the infection. Tuberculosis in 
non-white races is not characterized by ex- 
tremely high infection rates; tuberculin-testing 
surveys of communities of non-white races in 
rural circumstances prove the family to be the 
greatest source of infection. Elsewhere, espe- 
cially in towns, infection occurs frequently in 
early adulthood and is followed by infectious 
primary pulmonary tuberculosis which keeps 
up the infection rate and dominates the epi- 
demiologic situation. The high infection rate 
in young adults and the rapid course of the dis- 
ease cause a high mortality during early adult- 
hood and a high case fatality rate. During the 
war slight dietary changes were of immediate 
consequence for the course of tuberculosis. The 
balance between progression and regression 
of the disease suddenly proved to be very un- 
stable. Such instability is the most general 
characteristic of tuberculosis in non-white 
races. Racial factors should be considered 


only when, after careful study of the influence 
of external living conditions on infection and 
lethality rates, an observed increased sus- 
ceptibility cannot be adequately explained. 
Too early recourse to racial theory tends to 
detract the attention from tangible social 
evils.—Tuberculose bij gekleurde Rassen, M. 
Straub, Verslagen der Tuberculose-Studie-Com- 
missie van de Nederlandse Centrale Vereniging 
tot Bestrijding der Tuberculose, XXVII, 1950. 
—(J. van der Vate) 


Conjugal Tuberculosis.—The question of 
increased susceptibility of the spouse of a 
tuberculous patient often arises. There is 
evidence that there is a greater susceptibility. 
At an institution which treats adult women 
with tuberculosis, the records of 835 married 
women or widows were reviewed; 68 (8.1 per 
cent) had husbands with tuberculosis. This 
included 36 in which the widowhood was the 
result of the tuberculosis. In some instances 
among widows, the cause of death of the hus- 
band was not known. In cases where it could 
be determined, it was found that the husband 
usually had the disease first. An interesting 
question is why 92 per cent of the husbands 
did not contract the disease —Conjugal tuber- 
culosis and its bearing on the etiology of the 
disease, W. E. Snell, Brit. J. Tuberc., Janu- 
ary, 1951, 45: 22.—(A. G. Cohen) 


BCG Vaccination of School Children.—In 
the spring of 1950, 7,755 pupils in the upper 
grades of the elementary schools in Amster- 
dam were Mantoux tested with tuberculin 
1:1,000. Of this number, 7,268 (93.7 per 
cent) were apparently negative. These were 
injected intradermally with BCG. At the 
follow-up eight to ten weeks later, 7,010 
children had a positive reaction to tuberculin 
1:1,000 and 79 more were positive to 1:100. 
Only 7 children (one per thousand) appeared 
not to have developed any allergy as deter- 
mined by their reaction to tuberculin. The 
remaining 172 children could not be tested. 
When freshly prepared BCG has been prop- 
erly administered by intradermal injection, 


ABSTRACTS 51 


a follow-up by Mantoux testing is not re- 
quired. However, children vaccinated with 
BCG should be tested regularly for some 
years to determine continuance of the allergy. 
—Toepassing van het B.C.G. bij Schoolkin- 
deren, J. J. Dalmeijer, A. Visser, J. G. Wuite, 
& R. 8. Zandt, Nederl. tijdschr. v. geneesk., 
November 11, 1950, 94: 3226—(J. van der 
Vate) 


BCG Vaccination in Leprosy.—A study was 
made of 22 patients with lepromatous leprosy, 
100 patients with pulmonary tuberculosis, 
and 100 apparently normal, tuberculin- 
lepromin-negative individuals. Of the 22 
lepers, 77.2 per cent were tuberculin-positive 
but only at the 1:10 dilution. Tuberculous 
infection was found to exert a significative 
sensitizing action on the reactivity to lepro- 
min. Of 100 tuberculosis patients from a 
leprosy-free area, 45 per cent were positive 
to Fernandez’s early test and 56 per cent to 
Mitsuda’s delayed test. Among 100 tuber- 
culin-negative patients, the early lepromin 
test was positive in only 15 per cent. A nega- 
tive lepromin test in 53 tuberculin-negative 
individuals became positive in 81 per cent, 
both in the early and the delayed forms fol- 
lowing BCG vaccination. BCG might be 
tried as a leprosy preventive among selected 
groups in areas where leprosy is prevalent. 
Mitsuda’s lepromin test should be further 
studied for its prognostic value in tubercu- 
lous patients. A good field for study of both 
tuberculin and lepromin tests would be among 
Indians so far free from both leprosy and 
tuberculosis.—Las correlaciones inmunolégicas 
de la lepra con la tuberculosis; su aplicacién 
practica: la vacunacién BCG en la profilaxis 
de la lepra, J. Neyra Ramirez, Rev. tuberc., 
January-June, 1950, 10: 96.—(A. A. Moll. 


Variation in BCG Vaccine.—Variations in 
the allergizing properties of BCG vaccine are 
often observed and may be caused by varia- 
tions in the virulence of BCG or by quanti- 
tative variations reflecting difficulties en- 
countered in standardizing the vaccine. During 
a period of sixteen months, BCG vaccines 


were prepared from 2 different BCG strains. 
The allergizing effect sank from an originally 
high level to a lower level whence it rose 
again after a time. Statistical analysis shows 
that the variations recorded for the 2 strains 
were synchronous. If varying properties of 
BCG, such as changes in virulence, dissocia- 
tion, or variation, were responsible for the 
varying behavior of the vaccines, it is un- 
likely that these properties would change 
simultaneously in the 2 strains. The investiga- 
tion points to the conclusion that variations 
in the action of the BCG vaccines were due to 
such quantitative changes as the number of 
living bacilli, the proportion of living to dead 
bacilli, and the proportion of single bacteria 
to bacterial aggregates rather than to bio- 
logic differences in the bacteria composing 
the vaccines.—Allergizing capacity of the 
various BCG vaccines, J. Bée, Acta tuberc. 
Scandinav., 1950, 25: 1—(K. T. Bird) 


Asbestosis.—The studies of asbestosis ini- 
tiated at the Saranac Laboratory more than 
twenty years ago are here completely re- 
viewed for the first time. Various species, 
including the guinea pig, the rat, and the rab- 
bit but not the mouse and the dog, developed 
peribronchiolar fibrosis similar to human as- 
bestosis after being exposed by inhalation or 
intratracheal injection to long chrysotile as- 
bestos fibers. Long fibers were essential in the 
production of the peribronchiolar fibrosis; 
short fibers were incapable of producing this 
reaction. The action of these fibers in the 
production of asbestosis was primarily me- 
chanical rather than chemical. Typical experi- 
mental asbestosis was produced by the 
inhalation of an atmospheric suspension con- 
taining an average of 138 million asbestos 
particles per cubic foot of air, less than one 
per cent of the fibers being longer than 10 
microns. The duration of exposure required to 
develop the pulmonary reaction to inhaled 
asbestos was inversely proportional to the 
concentration of long fibers in the atmosphere; 
as the concentration was increased, the reac- 
tion developed in less time. Established ex- 
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perimental asbestosis ceased to progress on 
discontinuance of exposure. The formation of 
asbestosis bodies represented a coating of the 
fibers by blood and tissue elements; this 
resulted in loss of ability of the fiber to pro- 
duce fibrosis. Aluminum hydroxide failed 
to neutralize the fibrosing action of the long 
fibers. Inhalation of asbestos did not alter 
significantly the final outcome of experimental 
tuberculosis in guinea pigs. Asbestos has less 
effect on tuberculous infection than an active 
dust like quartz but more effect than an inert 
dust such as iron oxide. When the fibrous dust 
was inhaled during the evolution of the infec- 
tion, the tuberculous process spread for a 
time but usually the stimulus for continued 


proliferation of the tubercle bacilli was not 
sustained. The progression was arrested and 
healing followed. In guinea pigs infected with 
attenuated tubercle bacilli after being exposed 
to asbestos for slightly more than two years, 
progressive disease did not develop. The only 
modification of the infection was one of local- 
ization, a few bacilli being retained in the 
fibrous terminal bronchioles and forming 
tubercles there in addition to the usual foci 
beneath the pleura. Such tubercles healed 
in a few months.—Ezperimental siudies of 
asbestosis, A. J. Vorwald, T. M. Durkan, & 
P.C. Pratt, A. M. A. Arch. Indust. Hyg. & 
Occup. Med., January, 1951, 3: 1—(T. H. 
Noehren) 
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IN THE AIM TOWARD 


Wide clinical observations support the 
assumption long held that malnutrition 
predisposes to tuberculosis and that good 
nutrition tends to prevent tuberculosis ac- 


tivity in patients in whom the disease is 
quiescent.' 

The dietary supplement, Ovaltine in milk, 
provides a reliable means for assuring opti- 
mal adequacy of the diet of the tuberculous 


patient. It can readily supplement even 
grossly deficient diets to full adequacy. 
When distinct food likes and dislikes hand- 
icap the nutrition of the patient, the deli- 
cious flavor of Ovaltine beverage not only 
invites its ready acceptance but helps make 


the diet interesting. It richly furnishes bio- 
logically complete protein, minerals —espe- 
cially calcium and iron—and all the essen- 
tial vitamins. It is easily digestible, and its 
food energy is quickly available. 

For permitting choice of flavors accord- 
ing to preference, Ovaltine is provided in 
two forms— plain and chocolate flavored. 
Both are virtually equivalent in supple- 
mental amounts of vitamins and minerals. 

Note the wealth of nutrients furnished by 
Ovaltine in milk as shown in the table. 


1. Wohl, M. G.: Dietotherapy, Cha 26 in Clinical Nutri- 
tion, edited by Jolliffe, N.; Tisdail, F. F. and Caanon, P. R., 
for the Food and Nutrition Board, National Research Coun- 
cil, New York, Paul B. Hoeber, Inc., 1950. 


THE WANDER COMPANY, 360 N. MICHIGAN AVE., CHICAGO 1, ILL. 


Three servings of Ovaltine, each mode of 2 oz. 
of Ovoltine ond 8 oz. of whole milk,* provide: 


CARBOHYDRATE 
CALCIUM 


PHOSPHORUS... . 


"1.42 Gm. 
0.94 Gm. 


VITAMIN A 

VITAMIN B; 
RIBOFLAVIN... ... 
NIACIN 

VITAMIN C 

VITAMIN D 

CALORIES 


*Based on average reported valves for milk. 


Two kinds, Plain and Chocolote Flavored. Serving for 
serving, they ore virtually identical in nutritional content. 
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The NACLERIO SUPPORT for 


Prone-Position 

Surgery 
used in conjunction with 
any standard operating ta- 
ble, to keep maximum vital 
capacity, minimize medias- 
tinal shift, prevent contra- 
lateral spillage, and provide 
ideal access for surgery, 
with all favorable varia- 
tions of the patient’s posi- 
tion. 


SIMPLE—INEXPENSIVE— 
PORTABLE—VERSATILE 


Write for Circular 


J. H. EMERSON CO. 


22 CoTTaGE PaRK AVENUE 
CAMBRIDGE 40, 
MASSACHUSETTS 


Makers of 


EMERSON 
LUNG IMMOBILIZERS 


Tue AmericaAN Review or TuBErcuLos!s will bind current and back 
numbers of the Review in standard uniform cloth binding. 
Cost of binding, $3.00 per binding 
Transportation and wrapping charges additional. 
Please fill in the order below, detach this page and mail to: 
American Review or TUBERCULOsiIsS 
1790 Broadway, New York 19, N. Y. 
Please fill my order for binding my Review volumes in the manner checked, supplying all the missing 
numbers. 


© Original Articles and Abstracts of each volume separately at $6.00 per volume for binding. 
© Articles and Abstracts for one volume in one binding at $3.00 per volume for binding. 
© Articles and Abstracts for entire year bound separately at $3.00 per binding. 


I desire volumes* ........bound and have sent to you at the above address 


under the date of by 
(Pp. or Express) 


NAME... 


ADDRESS 
* If you order Volumes XI and XII bound and wish them combined, check here 0 
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Roll Film Viewer 


Cut Film Viewer 


Stereo Film Viewer 


THE RIGHT LIGHT 
FOR EVERY VIEWING CONDITION! 


Want more light ?—just turn a knob. Want less? 
—turn it the other way. With any one of these 
Fairchild X-ray Film Viewers you can have 
just the right amount of light for restful view- 
ing regardless of room lighting conditions or 
varying negative densities. 

With the 70 mm Roll Film Viewer you can 
scan a 100-foot roll continuously in either 
direction. A lever-operated lens provides two- 
power magnification when you need it. 

The 70 mm Cut Film Viewer handles 6-1/2 
x 2-11/16-inch negative strips. Large viewing 
area and optional two-power magnification 
makes reading easy, effortless. 


70 mm FILM VIEWERS 


With the Stereo Viewer you scan stereo- 
scopic pairs—on roll or cut film—with full three 
dimensional effect. 

Carefully designed optical systems are an 
old story to Fairchild, designer of precision 
cameras in many fields and producer of 70 mm 
Fluoro-Record Roll Film and Cut Film Cameras 
for mass and routine radiography—Roll Film 
Cassettes for angiographic studies ...70 mm 
Film Processing Equipment . . . and the Cham- 
berlain X-Ray Film Identifier. Write today 
for more data to Fairchild Camera and Instru- 
ment Corporation, 88-06 Van Wyck Boule- 
vard, Jamaica 1, N. Y. Dept. 160-151. 


CHILD 


70 MM FLUORO-RECORD VIEWERS 
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TWELVE-YEAR CUMULATIVE INDEX 
AMERICAN REVIEW OF TUBERCULOSIS 


Every Review subscriber will welcome the news that a 
new Cumulative Index has been printed which will afford 
ready access to the wealth of scientific and clinical data 
embodied in the 144 issues published between January 1937 
and December 1948. The new index provides almost 10,000 
cross-references to more than 1,800 papers by some 3,000 


authors. 


Each of the 1,800 papers is fully indexed by author, 
title, subject, date of issue and page number. More than 500 
subject headings arranged alphabetically assure quick, easy 
location of any required article. 


The Cumulative Index is a paper-covered volume of 
200 pages in the same size as the Review itself, adaptable for 
binding in series with bound volumes of the Review. A price 
has been established which represents merely production 
and handling expenses—$2.50 postpaid (25 cents extra for 


foreign postage). 


AMERICAN REVIEW OF TUBERCULOSIS 
1790 Broadway, New York 19, N. Y. 


Send me copies of the new Cumulative Index for the 12-year period 1937-1948 
inclusive. I enclose payment at the rate of $2.50 a copy (25 cents per copy additional 
foreign postage). 


NAME __ 


CITY and STATE - 


Use this convenient order form to send your order — TODAY. 
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SAN JOSE, CALIFORNIA 
Telephone: CLayburn 8-4921 


A non-profit & oetorium for the treatment of 
Tuberculosis and other diseases of the chest. 


Consulting Pathologist 
E. Gwyn Reberta, M.D. San Franciece 


The Circle Sanatorium 
Liberty, New York 


The Workmen’s Circle Sanatcrium, Liberty, N. Y., a modern, thoroughly 
equipped institution situated in the heart of the Catskills for treatment of tuber- 
culosis and other diseases of the lungs. 

Rates are $45 per week inclusive of all charges. 


NURSING IN PREVENTION 


, ||. AND CONTROL OF 
SANATORIUM TUBERCULOSIS 


(Maryknol! Sisters) _ 


By H. W. HETHERINGTON, MD. M.R.C.P, 
MONROVIA, CALIFORNIA (London) 


Chief of Clinte of the Heary Phipps Institute, University of 
Peonsylvania 


Sanaroriam for che of 
berculosis 2nd diseases of the bangs. and FANNIE W. ESHLEMAN, R.N., BS. 


Located in the foorhills of che Sierra at 


THIRD REVISED EDITION 
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E. W. Harzs, M.D, 
Medical Darecter 


G. P. PUTNAM’S SONS 
210 Madison Ave. New York 16, N, Y. 
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PINCER ATTACK ON TB 


Today, treatment of the tubercular patient with a combination 
of strep and PAS is no longer “on trial”... it is the 
chemotherapy of choice wherever the drugs are available.* 
Since the early days of para-aminosalicylic acid, “PARASAL,” 
Panray’s exclusive brand of PAS, has enjoyed the unqualified 


confidence of the medical profession. Panray’s rigid controls and 
ceaseless research have meant purer, less toxic preparations 
as well as a comprehensive assorunent of convenient dosage forms. 


PARASAL costs less today than ever before. Write for prices and 
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*TEMPEL, C. W., FREDERIC, I. 
MARDIS, R. C., TOWBIN, M. Nu, and 
DYE, W. E. Combined latermitvent regi- i 
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Am. Rev. Tubere., 1961, 68, 295 / 
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